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DESCRIPTIVE PETROGRAPHY OF THREE LARGE GRANITIC BODIES IN
THE INYO MOUNTAINS, CALIFORNIA

By Doxawp C. Ross

ABSTRACT

Granitic rocks make up about half of the pre-Tertiary ex-
posures in that part of the northern Inyo Mountains covered
by the Independence and Waucoba Wash 15-minute quad-
rangles. The rocks make up three large plutons, which aggre-
gate more than 130 square miles. The plutons are considered
to be part of the composite Sierra Nevada batholith.

More than 50 square miles of the Inyo Mountains south of
the Paiute Monument mass is underlain by the Pat Keyes
pluton, which is considered a part of the Hunter Mountain
Quartz Monzonite, a composite batholithic body of several
hundred square miles in outcrop area. The Pat Keyes pluton,
in contrast to the other plutons of the Inyo Mountains, varies
in composition. Three facies are distinguished: (1) a medium-
grained seriate quartz monzonite that looks much like the
Paiute Monument mass, but is finer grained, forms a central
core, (2) a fine-grained quartz monzonite-granodiorite forms
the northwest margin of the pluton, and (3) dark-colored rocks
ranging in composition from quartz monzonite to contaminated
rocks of gabbroic composition that range considerably in grain
size form the eastern and southwestern part of the pluton.
These dark rocks have widely varying amounts of brown bio-
tite and green hornblende, but in general, biotite exceeds horn-
blende. Clinopyroxene is fairly widespread, and orthopyroxene
is found locally.

Along the crest of the Inyo Mountains, about 40 square miles
is underlain by coarse-grained massive rock of the Paiute Mon-
ument Quartz Monzonite. These rocks are coarsely seriate
with pale-red-purple K-feldspar crystals as much as 25 mm
long. The average percentage of dark minerals is about 5, and
brown biotite exceeds green hornblende.

Along the west slope of the northern Inyo Mountains, about
40 square miles is underlain by the Santa Rita Flat pluton,
which is considered a part of the Tinemaha Granodiorite that
crops out across Owens Valley in the Seirra Nevada. The Santa
Rita Flat mass is a medium- to coarse-grained quartz monzo-
nite, about 15 percent of which consists of dark minerals.
Green hornblende is about twice as plentiful as brown biotite
in this body.

Petrographic and chemical data support the field observa-
tions that these rocks are an intrusive suite of magmatic
rather than of replacement origin. The quartz monzonite of
the Santa Rita Flat pluton, the Paiute Monument Quartz
Monzonite, and the seriate quartz monzonite facies of the
Pat Keyes pluton are relatively homogeneous, whereas the other
two facies of the Pat Keyes pluton are heterogeneous and
probably reflect varying amounts of contamination from as-
similated wallrock.

Contact (thermal) metamorphism affected the Paleozoic
wallrocks of these plutons as much as 2 miles from the ex-

posed granitic contacts. Farthest from the contacts are min-
eral assemblages characteristic of the albite-epidote hor-fels
facies, which give way toward the contact to assemblages of
the hornblende hornfels facies. Near some contacts, assem-
blages with wollastonite may be transitional to the pyrcxene
hornfels facies.

Radiometric age determinations on 15 samples consicting
of biotite, hornblende, and zircon from nine samples of gra-
nitic rocks of the Inyo Mountains indicate that the three large
plutons are Jurassic. The granitic rocks of the Santa Rita
Flat and Pat Keyes plutons are presumably Early Jurassie,
and the Paiute Monument Quartz Menzonite, which intrudes
the Pat Keyes pluton, is considered to be Middle Jurassic.

INTRODUCTION

This paper is one of a series of geologic reports (RRoss,
1962, 1965, 1967) describing a 500-square-mile cross sec-
tion of the northern Inyo Mountains. Within this cross
section, granitic rocks make up about half of the pre-
Tertiary exposures. These granitic rocks are part of the
composite Sierra Nevada batholith. Indeed 2ll the area
shown on the index map (pl. 1) is part of the batholith
if we use the commonly accepted definition, namely, that
the batholith includes those areas where at least half
of the exposed pre-Tertiary rocks are granitic. The east
edge of the index map, by this definition, is also approxi-
mately the east edge of the Sierra Nevada batholith.
The Inyo Mountains thus include some of the eastern-
most components of the batholith.

The three granitic bodies to be discussed are the Pat
Keyes pluton of the Hunter Mountain Quartz Mon-
zonite, the Santa Rita Flat pluton of the Tinemaha
Granodiorite, and the Paiute Monument Quartz Mon-
zonite (pls. 1, 2). All three exceed the minimunr size
generally accepted for batholiths (40 sq. mi. in outcrop
extent). Yet referring to them as batholiths might cause
confusion because they are components of the Sierra
Nevada batholith. In this report, therefore, they will be
referred to as bodies, masses, and plutons; the term
“batholith” will be reserved for the Sierra Nevada
batholith, which is a composite batholith. A furthe- dis-
tinction is made between the terms “Sierra Nevada”
and “Sierra Nevada batholith.” Sierra Nevada as used
in this report refers to the mountain range. The Sierra

1



2 DESCRIPTIVE PETROGRAPHY, THREE LARGE GRANITIC BODIES, INY(} MOUNTAINS, CALIFORNIA

Nevada batholith extends some distance east of the
range and covers the area shown on plate 1. It is not
restricted to the Sierra Nevada.

A coarsely porphyritic quartz monzonite of Creta-
ceous age, the Papoose Flat pluton, that crops out along
the northern part of the area (pl. 1) will not be
described here. It was described briefly by Ross (1965,
p. 042-044) and is now being studied in detail by C. A.
Nelson and several of his colleagues. Also not described
in this report are the dikes and small stocks of rather
nondescript aplite, alaskite, and pegmatite that are com-
monly peripheral to the large plutons.

The Pat Keyes pluton of the Hunteirr Mountain Quartz
Monzonite and the Paiute Monument Quartz Monzonite
are here correlated with other granitic rocks to the south
and east (pl. 1); the Santa Rita Flat pluton was cor-
related with the Tinemaha Granodiorite in the Sierra
Nevada (Ross, 1962) and then subsequently assigned to
it (Ross, 1965). Because of the critical location of these
three granitic bodies in the Inyo Mountains, their physi-
cal characteristics are described in some detail, and their
modal and chemical data are tabulated and interpreted.
This report is designed to serve as a petrographic tie
point for the rocks along the east margin of the Sierra
Nevada batholith.

Some brief petrographic descriptions have already
been published for part of this area. The short paper on
the correlation of the Santa Rita Flat pluton with the
Tinemaha Granodiorite in the Sierra Nevada (Ross,
1962) included some petrographic data. The geologic
report on the Independence quadrangle (Ross, 1965)
gave a brief petrographic description of these granitic
bodies. Numerous geologic reports have been published
that include discussions of the petrography of the
granitic rocks in the nearby Sierra Nevada. These
include the geology of the Mount Pinchot quadrangle
(Moore, 1963), the Bishop area (Bateman, 1965), and
the Mount Morrison quadrangle (Rinehart and Ross,
1964). In addition, a progress report on U.S. Geological
Survey work in the Sierra Nevada (Bateman and
others, 1963) summarizes some of the petrographic data
from an east-west belt across the central Sierra Nevada.

METHODS OF STUDY

The granitic rocks are readily distinguished from one
another chiefly on the basis of color, grain size, and
amount and kind of dark minerals. The granitic bodies
generally are structureless except for locally well-
developed joints.

Many hand specimens were collected, and about 190
thin sections were made and examined with a petro-
graphic microscope to obtain data on textures, struc-
tures, paragenesis, and alteration products. Mineral per-

centages (modes) were determined from 61 of the thin
sections. Some specimens, particularly those of the
Paiute Monument Quartz Monzonite, were too coarse
grained to yield representative modes from the small
area of a standard thin section ; consequently, rock speci-
mens were sawed to obtain slab surfaces generally about
8-12 square inches in area. The slab surface vas etched
with hydrofluoric acid and then stained in the manner
described by Bailey and Stevens (1960). This procedure
produces a slab surface on which plagioclase is red, K-
feldspar is yellow, quartz is unchanged, and dark min-
erals stand out as black or dark green. Model mineral
percentages of plagioclase, K-feldspar, quartz, and total
dark minerals can be readily obtained from such a
stained slab by using a dot-patterned glass plate and a
binocular microscope. The percentages of the individual
dark minerals are difficult to determine from a stained
slab; therefore, the percentages of biotite, hornblende,
and, where present, pyroxene and dark opaque minerals,
were determined from thin sections. The amount of
dark minerals in a thin section commonly agrees closely
with the amount in a stained slab. If there wes a varia-
tion between the percentage of dark minerals in the slab
and the percentage in the thin section, generally the
total percentage in the slab was used, but the ratio of
the dark minerals was determined from thin-section
counts.

The composition of the plagioclase was determined by
powder X-ray methods for some specimens of the Paiute
Monument Quartz Monzonite. To prepare samples, the
rock was crushed, sieved to proper size, srashed in
hydrofluoric acid, and then immersed in sodium co-
baltinitrite solution which stained the K-feldspar. The
white-frosted plagioclase grains could be readily hand
picked from the stained aggregate. These grains were
finely ground, mixed into a slurry with water on a glass
slide, and then X-rayed. The percent of anorthite, es-
sentially an average for the specimens, was then deter-
mined by measuring certain peak intervals, particularly
9290-131 and 131-131. Most of the specimens from the
Pat Keyes and Santa Rita Flat masses contain plagio-
clase whose anorthite content exceeds that which can
be accurately determined by the powder X-ray method.
For these specimens, the maximum anorthite content,
and the anorthite range of zoned crystals, was deter-
mined by measuring the extinction angle of the albite
twinning in sections of plagioclase cut perpendicular
to both the 001 and 010 cleavages.

Chemical analyses of 12 granitic specimens were ob-
tained by the so-called rapid method described by
Shapiro and Brannock (1956). Also, semiquantitative
spectrographic analyses from some 60 elem-nts were
obtained for these same 12 specimens.
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percent hornblende and has a hornblende-to-biotite
ratio of only about 1: 3. This contrast to the typical, and
almost unique, feature of hornblende exceeding biotite
in the Tinemaha suggests that the Woods Lake mass
may not be a part of the Tinemaha. Presumably, how-
ever, they bear a strong resemblance in the outcror. for
Moore (1963, p. 77) correlated the Woods Lake with the
Tinemaha on the basis of “similarity of compositior and
texture and on an abundance of mafic dikes in both
masses”.

Variation between all pairs of modal constituerts in
81 specimens of the Santa Rita Flat pluton are plotted
in figure 9. To quantify the data ard to see if the visual
plots had statistical meaning, the correlation coefficients
and significance level were determined for each mineral
pair.? Highly significant negative correlations exist, for
all the pairs in the figure except plagioclase : mafic min-
erals and quartz : K-feldspar.

Contours of specific gravity and modal percentages
of the various minerals (pl. 3) show some rather strong
zonation in the Santa Rita Flat pluton. Zoning is par-
ticularly well shown on the maps of specific gravity
and mafic minerals (pl. 34, D). They show higher mafic
mineral content and wconsequently higher specifie-
gravity readings along the east wall of the pluton and
also along the west side of the exposures in Owens Val-
ley. This pattern suggests that a contact with some older
unit may be present, but buried, in Owens Valley west
of the present outcrop limit and that the elongated
north-northwest shape of the present exposures is close

3 Correlation coefficients, determined by a computer prograr, are
recorded in figure 9 for the Santa Rita Flat pluton and in figures 14
and 28 for the other granitic bodies. A standard symbol r is ured for
correlation coefficient. The level of significance of the correlation coeffici-
ents is dependent on the coefficient and on the number of samples. The
significance level is noted on the figures in terms of the odds that a
particular distribution came about by chance. For example, the ratio
of plagioclase to K-feldspar in figure 9 has a negative correlation
coefficient of 0.73 for 81 specimens, From a table of significance levels,
it can be seen that there is less than one chance in a thousand ttat the
correlation could have resulted by chance. Hence, statistically, this
correlation is highly significant. Ratios whose significance level is
lower than ope chance in ten are noted as not significant (ns).

F1ourE 8 —Modal distribution of quartz, K-feldspar, and plagio-
clase. 4. 81 specimens of the Santa Rita Flat pluton of the
Tinemaha Granodiorite. B. 30 specimens from the type area
of the Tinemaha Granodiorite ; modified from Bateman (1965,
p. 71, fig. 27). O. 12 specimens of the Woods Lake mass of the
Tinemaha Granodiorite (Moore, 1963, p. 78, fig. 33).
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FI6URE 9.—Variation between pairs of modal constituents in volume percent for 81 samples of
the Santa Rita Flat pluton (r=correction coefficient; significance level in parentheses,
ns=not significant).
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to the true shape of the pluton. The contoured per-
centages of K-feldspar and quartz shown on the contour
maps support this idea, but those of plagioclase are
much less definitive, particularly along the west margin
of the pluton.

CHEMICAL DATA

Chemical analyses (table 2) have been made for speci-
men 1 near the north margin of the Santa Rita Flat
pluton and for specimens 29 and 35 from the east-
central part of the mass in Santa Rita Flat (pl. 2).
These specimens represent the compositional range of
the pluton as already shown on the contour maps (pl.
34-F). Specimen 1 near the margin has a specific
gravity of 2.72 and a color index of about 19. It is almost

on the boundary of the quartz monzonite field, as indi-
cated by its modal plot, and is near the edge of the
modal field. In contrast, specimen 35 has a specific grav-
ity of 2.67 and a color index of about 10. It falls near the
center of the modal plot and comes very close to the
average modal composition for the whole pluton. Speci-
men 29 is somewhat intermediate with a color index of
14 and a specific gravity of 2.69.

Specimen 1 is much higher in K,0, lower in SiO,, and
somewhat lower in total iron than Nockolds’ (1954, p.
1015) average for 22 hornblende-biotite tonalites. Speci-
men 1 has more K-feldspar than a tonalite, yet seens to
have an anomalously low SiO, content for its rather
large amount of K-feldspar.

TaBLE 2.—Chemical date of the Santa Rita Flat pluton and correlative masses within the Tinemaha Granodiorite

[Chemical analyses of Santa Rita Flat pluton by P. L. D. Elmore, I. H. Barlow, S. D. Botts, and G. Chloe. Semiquantitative spectrographic analyses of specimens 1 and 35
of Santa Rita Flat pluton by H. W. Worthing; specimen 29, by C. Heropoulos. Looked for but not found in specimens 1, 29, and 35: Ag, As, Au, Bi, Cd, Ce, Cs, Dy, Er,
,

Eu, Gd, Ge, Hf, Hg, Ho, In, Ir, Li, Lu, Mo, Nd, Os, Pd, Pr, lgt, Rb, Re, Rh, Ru,

8b, Sn, Sm, Ta, Tb, Te, Th, T1, Tm, U, W, Zn. Quantitative spectrographic analyses for

type area of Tinemaha Granodiorite by P. R. Barnett. Looked for but not found: Ag, As, Au, Bi, Cd, Ge, in, Mo, f’t, Sb, Sn, Ta, Th, T1, U, W. Not determired, n.d.;

not available, n.a.)

Type area of the
Santa Rita Flat pluton ! Tinemaha Granodiorite 2
Hornb'ende-
Woods Lake Hornblende- biotite
1 29 35 A B mass ! biotite tonalite 3 adam>llite 4
Chemical analyses (weight percent)

Si0ge e 61. 3 66. 7 66. 4 62. 82 65. 77 67. 4 64. 41 65. 88
ALQge e 15. 9 15.1 149 15. 44 14. 34 15. 8 15. 95 15. 07
FeyOg oo 3.1 1.9 2.6 2. 59 2. 10 1.7 1. 46 1.74
Total Fe as FeO__ (5. 8) (3. 6) (4 3) (5. 50) (4 53) (8.7) (5.12) (4. 30)
FeO o _____ 3.0 1.9 2.0 3. 17 2. 62 2.2 3. 81 2.73
MgO_ . 2.2 1.6 1.6 2.35 2. 02 1.3 2. 45 1. 38
CaOo . 5.3 3.6 3.9 5. 04 4 24 3.1 5. 36 3. 36
NaOooe . 3.3 3.5 3.0 3. 15 3. 18 3.5 3.39 3. 53
KoOQooooooeo 3.4 4.0 4.1 3.72 3.76 4.2 1.45 4. 64
H,O . .85 . 82 .73 65 56 .48 80 .52
TiOse o oo . 64 .43 .48 64 60 .42 62 81
POy i . 36 .27 .26 30 24 .14 20 26
MnO..._ i _________ .10 .09 08 11 10 12 10 08
COpm ol <.05 <. 05 <. 05 01 08 05 -
Total..._..___ 99. 45 99. 91 100. 05 99. 99 99, 61 100. 41 100. 00 100. 00

Spectrographic analyses (weight percent ¢)

B .. 0 0 0. 003 0. 001 n.d. nd. ...
Ba . ... .15 .15 .07 .2 n.d. nd. ..
Be oo . 00015 . 0002 . 00015 0 n.d. nd. ...
COm e . 003 . 001 . 003 . 002 n.d. nd. o ..
[0 . . 0007 . 0015 . 0007 . 001 n.d. nd. o __.
CUce . . 007 . 005 . 007 . 001 n.d. nd ..
[ 0007 . 0015 0007 . 002 n.d. nd., ...
La. . 003 . 007 003 .01 n.d. nd., ..
P S 0 0 . 002 n.d. nd. ..
Ni oo 003 . 001 007 . 0008 n.d. nd. .
Pb_oo . 00015 0 00015 . 002 n.d. nd. ..
Se 0007 . 001 0007 . 001 n.d. nd ..
Sro 15 .07 15 .09 n.d. nd. ..
Vo 007 .01 003 .01 n.d. nd. ...
Yoo . 0015 . 003 0015 0 n.d. nd. o ..
D 4 < T 00015 . 0003 00015 0004 n.d. nd. ...
Y/ 015 . 015 015 02 n.d. nd ..
Ce e L0156 .. n.d. nde o

See footnotes at end of table.
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TABLE 2.—Chemical data of the Sonta Rita Flat pluton and correlative masses within the Tinemaha Granodiorite—Ccntinued

[Chemical analyses of Santa Rita Flat pluton by P. L. D. Elmore, I. H. Barlow, 8. D. Botts, and G. Chloe. Semiquantitative spectrographic analyses of speci-nens 1 and 35
of Santa Rita Flat pluton by H. W. Worthing; gpecimen 29, by C. Heropoulos. Looked for but not found in specimens 1, 29, and 35: Ag, As, Au, Bi, Cd, Ce, Cs, Dy, Er,

Eu, Gd, Ge, Hf, Hg, Ho, In, Ir, Li, Lu, Mo, N

Os, Pq, Pr, Pt, Rb, Re, Rh, Ry, S

b, Sn, Sm, Ta, Tb, Te, Th, Tl, Tm, U, W, Zn. Quantitative spectrographic analyses

for type area of Tinemaha Granodiorite by P. R. Barnett. Looked for but not found: Ag, As, Au, Bi, Cd, Ge, In, Mo, Pt, Sb, Sn, Ta, Th, T1, U, W. Not determined,

n.d.; not available, n.a.]

Type area of the

Santa Rita Flat pluton ! Tin a Granodiorite 2 Woods Lake Hornblende- Hornblende-
mass ! biotite tonalite 3 biotite
atamellite 4
1 29 35 A B
Norms (weight percent)

Qe 15. 8 21. 6 23. 4 16. 69 21. 42 21. 8 22.7 18. 8

Or o __ 30. 2 23. 7 34. 2 %2. %({ g? %4 25. g 2%. Z; 37. 2

ab. . 8.1 29, 6 5. 4 6. . 25 3 9. 9
an. ... 18, G}An“’ 13, 7} Ane 7y 1}An37 16. 68}An33 13. 34}A1133 5} Ang o3 9}A1‘45 11, 7}An28

WO e 2.3 1.0 11 2. 60 2.72 .. .6 1.4

[ « 5.5 4.0 4.0 6. 01 5. 20 . 3 6.1 3. 4

f8 . 2.1 1.4 .9 2. 69 2.01 . 0 4.9 2. 4

mb. . 45 2.8 3.8 3.74 3. 02 . 6 2.1 2.6

| S 1.2 .8 .9 1. 22 1. 22 .8 1.2 1.5

ag) _________________ .9 .6 .6 . 69 .34 .3 .5 6
______________________________________________________________________________ .2 e e e —————

Total ... 99. 2 99, 2 99, 4 99. 23 98. 76 99. 8 99. 1 99. 5
Niggli numbers
Sioo o ____ 214. 2 275. 9 270. 3 220. 0 260. 0 282. 0 _
Al .. 32.7 36. 8 35. 8 32. 4 33. 2 38.9 e
fo_ . 28. 7 22,7 24, 8 29. 0 26. 8 2L 6 -
€ mme e 19. 8 16. 0 17. 0 19. 3 18. 1 13, 8 e
alk .. 18. 8 24. 6 22, 4 19. 3 219 25. 4 e
(¢ 17 39. 2 77.5 80. 4 42, 8 72. 4 80.4 _____ .
Ko . 40 .43 AT e
Moo . 40 .44 e 8D e
Modes (volume percent)

Plagioclase.._______. 44 31 40 45, 8 n.a. 45.2 ..
K-feldspar_ __.._____ 24 29 28 17. 4 n.a. 22, 0
Quartz.. - - ... 13 26 20 22. 8 n.a. 23 9 e
Biotite. . .. _.__.___ 8 5 3 5.6 n.a. 4.9
Hornblende. .._..___ 9 9 7 7.2 n.a. 2 7
Opaques.__.____.___ 1 Trace 1 13 n.a. B
Other._ .. __________ 1 Trace 1 1.3 n.a. oY e
Total..__.____ 100 100 100 1001 - _____ 1000 ..

t Rapid rock analysis.

2 Standard rock analysis. .

1031 %vg of 22 hornblende-biotite tonalites (quartz diorites) from Nockolds (1954, p.
5).

(ll‘) %vg % 143 hornblende-biotite adamellites (quartz monzonites) from Nockolds
54, p. .

5 Results are reported in percent to the nearest number in the series 1, 0.7, 0.5, 0.3,
0.2, 0.15, and 0.1 ete.; which represent approximate midpoints of interval data on a
geometric scale. The assigned interval for semiquantitative results will include the
quantitative value about 30 percent of the time.

Specimens 29 and 35 are somewhat higher in silica
and lime and somewhat lower in soda and potash than
Nockolds’ (1954, p. 1014) average of 41 hornblende-
biotite adamellites. This difference suggests that the
Santa Rita Flat pluton has somewhat more quartz and
a lower ratio of K-feldspar to plagioclase than the
average hornblende-biotite adamellite.

Chemical comparison of the Santa Rita Flat pluton
and the Sierra mass is restricted, as only a few chemical
analyses have been made. The chemical range of ana-
lyses for the Sierra mass is within the values for the

Location of specimens:
1. North boundary of Independence quad.; NW cor. sec. 16, T. 11 8., R.35E.
21% 35Inﬁiepeudeuce quad.; Santa Rita Flat, 700 ft SE. of SE cor. ser. 34, T. 11 8.,
gbz 'San'ta Rita Flat, Independence quad.; about 2,500 ft SE. of Santa Rita
pring.
A. Big Pine quad., Birch Mountain area west of McMutrry Meadows (Bate-
man, 1965, p. 63, table 3). .
B. Big Pine quad., South Fork of Big Pine Creek southwest of Glacier Lodge
(Bateman, written commun., 1962).

Woods Lake mass. Mount Pinchot quad., at north end of intrusive mass; just
south of Twin Lakes (center of quad.) (Moore, 1963, p. 43, 78).

Santa Rita Flat pluton, and certainly there is nothing
incompatible in their correlation on chemical grounds.

Only one analysis is available from the Wonds Lake
mass (Moore, 1963, p. 43), and it is generally compar-
able with the analyses from the Santa Rita Flat and
Sierra masses except for the somewhat lower 11gQ and
CaO content. One characteristic seems different, how-
ever: it has the highest SiO, content of any of the
analyses and almost the highest Al,O; content; in all
the others, the higher the SiO,, the lower the Al,O;. One
specimen may not be a fair sample for the whole mass,
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but this possible chemical difference, plus the different
modal characteristics of the Woods Lake mass, further
suggests it is not a part of the Tinemaha.

Normative orthoclase is rather consistently a few per-
cent lower than modal K-feldspar in all three samples
from the Inyo Mountains. The solid solution of Ab in
the K-feldspar, which would not be observable in the
mode, may account for this relation. The K.O of the
biotite, which is calculated in the normative orthoclase,
raises the normative orthoclase relative to modal K-
feldspar. Possibly this effect has been more than
counterbalanced by the effect of Ab in the K-feldspar.

The comparisons of norm and mode for specimens 1
and 85 are relatively consistent, but specimen 29 does
not fit this same pattern. Its mode may not be repre-
sentative, although a fresh and homogeneous-looking
slab was selected both for the mode and for the chemical
analysis.

HUNTER MOUNTAIN QUARTZ MONZONITE

The Hunter Monutain Quartz Monzonite was named
by McAllister (1956) for extensive exposures in the
Ubehebe Peak quadrangle. The main mass of the
Hunter Mountain Quartz Monzonite in the Ubehebe
Peak area underlies an area of about 200 square miles.
Some small masses, called biotite-hornblende quartz
monzonite, in the Darwin quadrangle (Hall and Mac-
Kevett, 1962) may also be age correlatives of the
Hunter Mountain (pl. 1). The extent of similar rocks
in the dominantly granitic Argus and Coso Ranges is
unknown because detailed work has not yet been done on
the rocks of this region. If, as seems likely, the Hunter
Mountain is continuous under Saline Valley with the
Pat Keyes mass, this is a major size batholith, several
hundred square miles in areal extent (pl. 1).

PAT KEYES PLUTON

NAME, DISTRIBUTION, AND CORRELATION

The Pat Keyes pluton takes its name from the Pat
Keyestrail (pl. 1) in the southern part of the Independ-
ence and Waucoba Wash quadrangles. This trail goes
more than halfway across the pluton and is probably
the best place to see a representative cross section of this
granitic mass.

The Pat Keyes pluton crops out over an area of about
35 square miles across the Inyo Mountains. The pluton
extends southward into the New York Butte and Lone
Pine quadrangles, where it underlies an additional 20
square miles (W. C. Smith, oral commun., 1964). In
addition, several small stocks in the New York Butte
quadrangle that are considered to be part of the Hunter
Mountain Quartz Monzonite (W. C. Smith, oral com-

316-032 0—68——3

mun.,, 1964) are physically similar to Pat Keyes

rocks.

The Pat Keyes pluton is heterogeneous in contrast
to the remarkably homogeneous Paiute Monurient
Quartz Monzonite. Three rock types or facies that
grade into one another make up the pluton (fig. 10):
type 1, a medium-grained seriate quartz monzorite,
forms the central core; type 2, a fine-grained quartz
monzonite-granodiorite, forms the northwest margin
of the pluton; and type 3, a variety of rather mafic
rocks ranging in composition from quartz monzcnite
to gabbro, forms the eastern and southwestern part of
the pluton in the mapped area. In addition, a small
mass of less than a square mile near Willow C-eek
mine camp (pl. 2) is believed to be part of the Pat
Keyes pluton. Modally it is similar to type 1, but it is
sufficiently different in general appearance to suggest
that it may be a separate intrusive.

No mappable contacts were observed between the
three facies of the Pat Keyes pluton, and thus the lines
in figure 10 are subjective. Numerous examples of
gradations between the three facies suggest that the
central core represents the original magma and that
the two marginal facies are contaminated to vary-
ing degrees by the assimilation of wallrock, type 2
being much less contaminated than type 8. The ter-
rain underlain by this pluton, particularly the eastern
part, is almost impassable (see frontispiece); ccnse-
quently, sampling had to be done with the aid of a
helicopter. The sample density shown by the index
maps (pl. 2; fig. 10) indicates that this pluton has not
been examined in detail.

For the sake of convenience the three main facies of
this pluton, as well as the small Willow Creek plrton,
will be described separately. It should be emphasized
again that these are probably not separate intrusive
phases, but result from variable assimilation by a rag-
ma that would normally have crystallized as a quartz
monzonite. The parts of the pluton are distributed in
a definite pattern; they are not as mixed and hetero-
geneous as would appear from a first glance at the
modal data, or from a quick look at the hand specimrens.

TYPE 1, SERIATE QUARTZ MONZONITE

OUTCROP APPEARANCE AND MEGASCOPIC CHARACTER

The quartz monzonite forms medium-gray bouldery
outcrops that commonly consist of hummocky, out-
crops, boulder piles, and grus slopes typical of desert-
weathering granitic rocks. Generally, the boulders are
smaller than those of the Paiute Monument Quartz
Monzonite (fig. 11). The overall color of these rocks
is somewhat darker than the color of Paiute Monurient
specimens, which they most closely resemble (fig. 12),
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F1cUrE 10.—Facies distribution in the Pat Keyes pluton.

because they contain a somewhat higher percentage of
dark minerals, a finer grain size, and a darker colored
plagioclase.

The most conspicuous feature of hand specimens is
pale-red to pale-red-purple K-feldspar plenocrysts lo-
cally as much as 10 mm, but more commonly no more
than 5 mm, in largest dimension. The phenocrysts are
poikilitic and generally grade downward to the ground-
mass grain size of 2-3 mm; thus they give the rock a
seriate rather than a porphyritic texture.

The plagioclase is light to medium light gray and
on unstained surfaces tends to blend with the gray
quartz. This lack of contrast between the two minerals
helps to distinguish this rock from the Paiute Monu-

ment Quartz Monzonite in which the whiter plagioclase
stands out more prominently from the darker quartz.
Dark minerals are rather evenly distributed through
the mass, and both biotite and hornblende stand out
as black crystals and clusters. Small honey-brown
sphene crystals are also visible in hand specimens.

MICROSCOPIC DESCRIPTION

The microscopic character of this rock is much like
that of the Paiute Monument Quartz Monzonite. Most
specimens are hypautomorphic seriate. Plagicclase, bio-
tite, and hornblende crystals are generally well formed.
The K-feldspar ranges from poikilitic erystals 10 mm
across to interstitial grains. Quartz is generally inter-
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TABLE 3.—Modes, in volume percent, of the Pat Keyes pluton—Con.

TABLE 3.—Modes, in volume percent, of the Pat Keyes pluton-—Con.

Stained rock slabs SMALL MASS NEAR WILLOW CREEK MINE CAMP
Stained rock slabs
Plagi- K- Mafic minerals (Biotite:horn- Specific
Sample oclase feld- Quartz blende:pyroxene percentages  grav-
spar from thin section in parentheses) ity S . Pglagi- Ill:d Quart Mia){ic &nlnerals (Biotite: ltnom- %l%e-
ample oclase feld- uartz enae "0Xene percen (=] c
P (An) Spar from thl;gr sexctlog in paragn- gravity
40 34 15 11 2.67 theses)
50 16 19 15 2.72
36 33 16 15 2.68
41 29 18 12 2.72 26 22 10 (10:0:0) 2.87
47 3 16 14 2.69 32 24 8 (5:3:0) 2, 66
43 29 15 13 2.68 30 22 2 2,65
443 22 20 15 2.68 31 22 6 (5:1:0) 2.64
47 18 22 13 2.70 32 17 16 271
40 43 8 9 (5:4:0) 2.66
:; 3230 1(9) i:l; (9:12:Tr.) g.;? éitandani;i-"i" 40 30 22 8 2.67
evi-
£ B B 2 zn ation........4.5 2.5 2.6 5.2 .03
48 25 8 19 (12:2:5) 2.74 All Pat Keyes
4 31 7 17 (4:13:0) 2,74 pluton:
45 28 8 19 (9:7:3) 2.76 é\tv 3 e(-i_d-"i- 45 23 14 18 2.72
andaard devi-
44 27 14 15 2.70 ation........ 6.4 9.8 7.4 10.4 .06
gran&i a;eéage. 42 27 15 16 2.71
andar e~
Watlon (thin The triangular plot (fig. 134) also emphasizes that
cuded)...... 44 55 46 4.7 -8 | the seriate quartz monzonite is the most homogeneous
and the most salic differentiate relative to the other
DARK-COLORED CONTAMINATED ROCKS facies in the Pat Keyes pluton. The considerable over-
Thin sections lap with the quartz monzonite-granodiorite facies fur-
o o Hom Ol O N ther suggests the gradational relationship. The position
agi- 10- orn- 1 Lt cliic . . . .
Sample aclase feld- Quartz fite blende pyroz- e eravity | of the seriate quartz monzonite in relation to the other
spar ene  accessory . . . . .
facies is also shown in the plot of modal mineral pairs
204 o 8 Aw 4 om| e
2 2 Lo 2o 3 zm The negative correlation between quartz and mafic
b A u o et 3 21 | minerals has only moderate significance in this freies.
oo s I8 ¢ 281 | The negative correlations between quartz and K-feld-
P no9 38 2 27 | gpar and between plagioclase and K-feldspar are lower,
1 g0 5 nd. | but still significant.
10 1 6 3 nd.
g (2; g g o g CHEMICAL DATA
n.d.
§ 4 i 2 24 | Threechemical analyses were run on the seriate quartz
L. T 2% | monzonite facies of the Pat Keyes pluton; the results
0o 6o B8 3 27 | and norms calculated from the analyses are shown in
Stained rock slabs table 4. Two of the samples (pl. 2, 216, 270) are from
Plagi near the center of the mass, and one (254) was collected
- K- Mafic minerals (Biotite:horn- Specifi .
Sample oclase feld- Quartz fbleri%lgzlgggger(gel%mgégges orevity | from near the contaminated border. The two from near
spar rom thin section n parenthescs) the center of the mass are somewhat higher in silica
8 I 7 B (1:15:1 278 | and lower in CaO than the specimen from nearer the
22 Y7:7:8 2.83 : S
% 2 2 & E‘}S%zé.?” 28 border, but otherwise all three are very similar.
i % 4 2 801;60;1%) 277 Specimen 254 fits well with Nockolds’ (1954, p. 1014)
B ) 3 @in 28 | average for 41 hornblende-biotite adamellites (quartz
Bk 13 27 (15:12:0 27 | monzonites), but Nockolds’ average is lower in CaQ,
xn 9 9 (5:4:0) 22 | TiO,,and AlOs and higher in K;O and total Fe as I"e0,
o ou u 2% (9:14:0) 281 | g difference that could be accounted for largely by a
B E 19 da:6:h 270 | variation in feldspar proportions. Nockolds’ average
B2 8 3 Qo Te) 27 | of 65 hornblende-biotite granodiorites is not quite so
8 15 2 3 (10:26:Tr.) 28 | good a fit. It is lower in silica and K,O and higher in
Average....... 5019 8 - 27 | FeQ, MgO, Na,0, and CaQ, a difference which suggests
Grandaverage. 50 17 7 26 277 | that Nockolds’ average hornblende-biotite granodiorite
atien (thin has more plagioclase and mafic minerals than specimen
included).... 6.8 1.8 4.9 10.6 .07 | 254, The specimens from the center of the mass (216,

1 3 percent of pyroxene is orthopyroxene.

270) fall somewhere between Nockolds’ average bio-
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F1cUre 13.—Modal distribution of quartz, K-feldspar, and plagioclase in various facies of the Pat Keyes pluton of the Hunter
Mountain Quartz Monzonite and related masses. A, Pat Keyes pluton. B, Hunter Mountain Quartz Monzonit?, Ubehebe
Peak quadrangle (McAllister, 1956). C, Biotite-hornblende quartz monzonite, Darwin quadrangle (Hall and MacKevett,

1962, p. 30).
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FIGURE 14—Variation between pairs of modal constituents (volume percent) in 91 samples from the three facies
of the Pat Keyes pluton of the Hunter Mountain Quartz Monzonite (r=correlation coefficient; significance
level in parentheses, ns=not significant).
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TaBLE 4.—Chemical daia of the Pat Keyes pluton

[Rapid chemical analyses by P. L. D. Elmore, I. H. Barlow, S. D. Botts, G. Chloe, and H. Smith. Semiquantitative spectrographic analyses of specimens
216 and 254 by H. W. Worthing; specimen 270, by J. D. Fletcher; specimen 279, by Chris Heropoulos. Looked for but not found in specimens 270 and
279: Ag, As, Au, Bi, Cd, Eu, Ge, Hf, Hg, In, Li, Mo, Nd, Pd, Pr, Pt, Re, Sb, Sm, Ta, Te, Th, T1, U, W, Zn. Preceding plus following not found
in specimens 216 and 254: Cs, Dy, Er, Gd, Ho, Ir, Lu, Os, Rb, Rh, Ru, Tb, Tm]

Rapid chemical analyses (weight percent)

Seriate quartz monzonite Quartz mon- Hornblende- Biotite Hornblende-
zonite-granodio- biotite adamellite 2 biotite
216 254 270 rite 279 granodiorite ! adamellite 3
SiOge e oo 67.2 65.9 67.7 65.6 65. 50 71.03 65. 88
AlyOgo oo 15.2 15.5 15.5 16. 5 15. 65 14. 31 15. 07
FeyOp oo 1.8 1.8 2.0 2.1 1.63 .95 1.74
Total Fe as FeO_.__  (3.2) (3.6) (3.4) (3.4) (4.3) (2.8) (4.3)
eO_ o _____ 1.6 2.0 1.6 1.5 2.79 1. 96 2.73
MgO__ . 1.0 1.1 1.1 1.2 1.86 .75 1.38
CaO_ .. 3.5 4.0 3.3 3.4 4.10 1.89 3. 36
NagOo oo 3.5 3.6 3.7 4.4 3.84 3.33 3. 53
KO 4.0 3.7 3.7 4.0 3.01 4. 66 4. 64
HO_ . .65 .80 1.0 .7 .69 .50 .52
TiOge o oo .50 50 .50 .45 .61 .39 .81
POs_ . .25 27 30 .25 .23 .17 .26
MnO._ .. _____ . 06 06 06 .08 .09 .06 .08
Total . __________ 99. 26 99. 23 100. 46 100. 18 100. 00 100. 00 100. 00
Semiquantitative spectrographic analyses (weight percent ¢)
B 0. 003 0. 003 0 0 e
Ba._ . __._ .15 .15 .1 C e
Be oo . 0003 . 0003 . 0001 L0002 e
Cemme 0 0 .02 0 o
CO oo . 0015 . 003 . 0005 007 e
Cre e . 0007 . 0007 . 003 L0005 -
Cuce . 0003 . 003 . 0007 L0007 e
Gao o . 0007 . 0007 . 001 L0015 -
La_ . 015 . 007 . 015 006 oo
Nb_ . . 0007 . 0007 . 003 0 e
Ni . . 007 . 007 . 001 L0008 o
Pbo . . 0003 . 003 . 001 0
SCe e . 0003 . 0003 . 0007 L0007 e
Sno . 0 . 0003 . 0005 0 e
Sro . .15 .15 .1 RN
Y e . 003 . 003 . 007 007 e
Y . . 0015 . 0015 . 002 002 o
Yoo . . 00015 . 00015 . 0002 L0002 i
Zro oo __ . 015 . 015 .03 016 e
Norms (weight percent)
Qe 23.5 21.5 23.8 16. 5 20.0 27.7 18. 8
(o) S 23.8 22.0 21. g g? g %; 8 37. g 37. 2
abo.__ . ___ 29.8 30.7 31. . .5 8. 9.9
N T 14, 1} Ang g 3} Ang Ty 4} Ang g 4} Ang g 4} Any g s} Ang 1y 7} Ang
WO o oo - .7 1.2 . .7 .9 .. 1.4
(<) | D 2.5 2.8 2.7 3.0 4.6 1.9 3.4
fs_ .. .7 1.5 .6 .4 2.9 2.2 2.4
mb. .. 2.6 2.6 2.9 3.0 2.3 1.4 2.6
il . 1.0 1.0 .9 .9 1.2 .8 1.5
-1 « N .8 .6 L7 .6 .6 .3 .6
C oo e e P SR I T,
Total .. ... ____. 99. 3 99. 2 99.1 99.3 99.2 99.5 99.5
Niggli numbers
<3 VS 293. 6 274. 7 292, 4 263. T e
al .. 39. 1 38. 1 39. 5 39. 1 e
fm_ ... 18. 5 19. 7 19. 6 18. 9 o
[ 16. 4 17. 9 15. 3 14 7 e
alk ... 26. 0 24, 4 25.7 27, 4 e
[ T, 89. 7 77.2 89. 7 54 1 e
___________________ .43 . 40 .40 .37 e e e e
Mg e .35 .35 . 36 88 e

See explanations and footnotes at end of table,
316-032 0—68—4
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TABLE 4,—Chemical data of the Pat Keyes pluton—Continued

Seriate quartz monzonite

216 254 270

Quartz mon- Hornblende- Biotite Hornblend -
zonite-granodio- biotite adamellite 2 biotite
rite 279 granodiorite 1 adamellite 8

Modes (volume percent)

Plagioclase_ _________ 38 44 40 42 e
K-feldspar. . ________ 26 23 27 2 000 T
Quartz______________ 26 22 23 22 e
Biotite.___ . ___.___.__ 5 6 2 e
Hornblende___..______ 4 3 10 T e
Opaques. . _________ 1 1 1 e
Other____ . ______ 1 ) e

Total . __________ 100 100 100 100 o -

1 Avg of 65 hornblende-biotite granodiorites from Nockolds (1954, p. 1014).

2 Avg of 45 biotite adamell tes (quartz monzonites) from Nockolds (1954, p. 1014).

3 Avg of 41 hornblende-biotite adamellites (quartz monzonites) from Nockolds (1954, p. 1014).

4 Results are reported in percent to the nearest number in the series 1, 0.7, 0.5, 0.3, 0.2, 0.15, and 0.1 etc., which represent approximate midpo‘nts
of interval data on a geometric scale. The assigned interval for semiquantitive results will include the quantitative value about 30 percent of the time

Location of specimens (Independence quad.):
216. Head of Coyote Canyon about 4,000 ft NNW, of VABM 10,081.
264. On Pat Keyes Trail about 114 miles NW. of SE. cor. quadrangle.
270. East boundary of quadrangle 34 mile N. of SE. cor. quadrangle.
279. About 500 ft S. of Betty Jumbo mine.

tite adamellite and his hornblende-biotite adamellite,
and thus fit the displacement of the modal field in re-
lation to the field of the Paiute Monument Quartz
Monzonite.

Specimens 216 and 270 also show normative decreases
in “or” and an increase in plagioclase relative to the
feldspar of the modes, which may be a reflection of the
Ab in the K-feldspar, probably as microperthite. Be-
cause specimen 254 has an almost identical mode and
norm, the amount of K,O in the biotite may be essen-
tially balanced by the amount of Ab in the K-feldspar.
To have a mode and a norm so similar is unusual; how-
ever, considering the generally low precision of modal
counts, this similarity may be due to chance.

TYPE 2, QUARTZ MONZONITE-GRANODIORITE

OUTCROP APPEARANCE AND MEGASCOPIC CHARACTER

Medium-gray to medium-dark-gray outcrops on
bouldery to rubbly slopes characterize the fine-grained
quartz monzonite-granodiorite. These rocks are darker
and finer grained than the seriate quartz monzonite
(figs. 15, 16) ; the darker color is due to a higher per-
centage of dark minerals, a darker plagioclase feldspar,
and the finer grain size. Because of the finer grain size
and generally darker gray color, most of the other min-
erals are not distinguishable in hand specimen, but the
purplish tint from K-feldspar is distinctive. Crystals of
the pale-red to pale-red-purple K-feldspar are as much
as 5 mm in largest dimension.

Some specimens are seriate but on a finer scale than
the seriate quartz monzonite. There seems to be a grada-
tional grain-size increase toward the seriate quartz mon-

zonite of the core, particularly in specimens 211, 212,
218, and 215 (pl. 2). In specimens 214, 216, and 218 this
gradation is well shown. Also, in the area of 204 and
207, specimens become noticeably more seriate toward
the central core.

MICROSCOPIC DESCRIPTION

Thin sections of specimens of the quartz monzonite-
granodiorite facies have about the same general char-
acter as those of the seriate quartz monzonite. The K-
feldspar crystals, though generally smaller, engulf the
other constituents to form poikilitic crystals and small
(3-5 mm) phenocrysts. Corroded plagioclase grains are

L 1 INCH \

FieurE 15.—Hand specimen of fine-grained quartz monzonite-
granodiorite of the Pat Keyes pluton. Specimen 249.
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There is no typical rock in this variable mass, but
possibly most common are medium- to fine-grained
dark-gray rocks with plagioclase, dark minerals, and,
surprisingly, rather abundant K-feldspar. Some very
dark rocks that look like diorite have 20 percent or more
K-feldspar. Though the K-feldspar is faintly pinkish in
some specimens, which suggests a tie with the other
facies of the pluton, the K-feldspar is generally only
obvious when a rock sample has been stained. Both
hornblende and biotite look black in hand specimens,
and in some rocks the hornblende occurs as crystals
several tens of millimeters long. Weathering to dark-
reddish-brown shades is diagnostic, both on newly
broken joint surfaces and on other exposed surfaces.

MICROSCOPIC DESCRIPTION

As already noted in the megascopic description,
this variable body of rock does not lend itself to a
clean-cut description of an average or dominant type.
Some general characteristics, however, help to distin-
guish this body from the other intrusive masses and
also to separate it from the other parts of the Pat Keyes
pluton.

One of the most interesting features of these dark-
colored rocks is the abundance of K-feldspar in many
of the specimens that are medium dark gray to dark
gray and medium to fine grained; the rocks have color
indexes as high as 25-30. From 20 to 35 percent of
K-feldspar is not unusual in these rocks. Most is inter-
stitial, and only rarely is it segregated as small pheno-
crysts. The exceptions are some of the medium- to
coarse-grained varieties of monzonitic composition
that are found along the east slope of the Inyo Moun-
tains. These varieties do have coarser K-feldspar
crystals and phenocrysts.

The composition of the dark-colored contaminated
rocks (type 3) ranges from that of rocks similar to the
finer grained quartz monzonite-granodiorite (type 2)
to that of dark-colored diorite and gabbro. Such a
range further suggests the gradational relation between
these two facies.

The plagioclase in these rocks ranges from obligoclase
to andesine. In general, the rocks most clearly related
to the finer grained quartz monzonite-granodiorite con-
tain oligoclase or sodic andesine, and the more dioritic
rocks contain andesine and commonly calcic andesine.
In some specimens, labradorite is present. Saussuritiza-
tion of the plagioclase is probably more prevalent here
than in the other facies of the Pat Keyes pluton. Some
very intense saussuritization has formed pseudomorphs
of sericite and members of the epidote family. Also,
some specimens are evenly clouded with saussuritic
alteration products, whereas in others the alteration is

spotty and completely altered grains adjoin fresh
twinned plagioclase crystals.

The quartz in these rocks is not particularly diag-
nostic. It ranges greatly in amount and is almost invari-
ably interstitial. Granulation and other shearing effects
are seen in scme specimens.

Dark minerals are abundant in these rocks, and
many rocks are extremely dark; however, the per-ent-
age of dark minerals averages only about 27, and only
two specimens have more than 50 percent. Biotite, }orn-
blende, and clinopyroxene, listed in order of decressing
abundance, are the characteristic accessory minevals.
Also, in one specimen, a small amount of orthopyroxene
is present.

The biotite content ranges from a few percent to
somewhat more than 20 percent and averages about 9
percent. In a few of the dark rocks, biotite is absent.
Chloritization of the biotite is common, and in some
specimens almost complete. The pleochroism shows some
range but generally is as follows: X = predomineantly
grayish orange and much less commonly, pale yellowish
orange, dark yellowish orange, or very pale orange;
Z == dominantly moderate brown or moderate to dark
reddish brown and, less commonly, grayish brown or
moderate yellowish brown.

The hornblende content ranges from 1 percent to 44
percent in a few specimens; the average is about 9 per-
cent. Hornblende crystals tend to be subhedral to eu-
hedral and generally are much less altered thar the
associated biotite. Grain size is noticeably variable in the
hornblende; it ranges from small grains to crystals sev-
eral tens of millimeters across in the coarse, almost peg-
matitic, dioritic rocks that are locally present. The pleo-
chroism is as follows: X = moderate greenish yellow;
Y = dominantly light olive and, less commonly, light
olive brown or moderate olive brown; Z = several
shades with grayish green most common and light olive,
pale green, moderate green, and dark yellowish green
less common. In general, the hornblende is green. but
some is much paler than the green hornblende in, for
example, the Santa Rita Flat pluton. The paler green
hornblende is locally fibrous and may be in part
actinolite.

The clinopyroxene content ranges from 0 to 20 per-
cent and averages about 4 percent. The mineral is
almost colorless with very faint green tints. Most
clinopyroxene is in ghostlike, lacy intergrowths with
hornblende, but some specimens contain euhedral
clinopyroxene with only minor replacement by horn-
blende.

The common accessory minerals, magnetite, apctite,
sphene, and zircon, as well as the less common, allanite,
are present. Most significant are the metallic opaques,
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mostly magnetite. Metallic opaques averaged about 2
percent and in one specimen were as high as 8 percent.
Sphene is not ubiquitous in this facies although it seems
to be in all the other granitic rocks of the Inyo Moun-
tains. Its presence or absence seems to be capricious, and
its occurrence does not correlate with the mineralogy
of the rocks.

MODAL DATA

Modes of 37 specimens of these darker contaminated
rocks are given in table 3. It should again be emphasized
that for these extremely variable rocks, the modes are
only a crude sample; averages and ranges should be
considered only as approximations of the bulk of this
mass. The ternary plot in figure 134 further empha-
sizes the variability of this facies. Points range from
near the center of the quartz monzonite field into the
diorite corner; they overlap somewhat with the field
of the finer grained quartz monzonite-granodiorite, but
in addition, they tail off to the plagioclase-rich, quartz-
poor part of the triangle. The same relationship is evi-
dent on the plot of modal mineral pairs (fig. 4). Corre-
lation coefficients are highly significant for the pairs
K-feldspar: mafic minerals, quartz: mafic minerals, and
K-feldspar: plagioclase; only the quartz: plagioclase
correlation is not significant. The overlapping of these
plotted points with the points of the other facies further
strengthens the case that these facies of the Pat Keyes
pluton are all parts of one variably contaminated in-
trusive mass.

CONTOURED MINERAL PERCENTAGES AND SPECIFIC GRAVITY

A map of the outcrop area of the Pat Keyes pluton
in the Independence and Waucoba Wash quadrangles
was used as a base on which to plot and to contour the
mineral volume percentages of plagioclase, K-feldspar,
quartz, mafic minerals, and specific gravity for the
modally analyzed specimens. These contour maps are
shown on plate 44-£'.

The general area of the seriate quartz monzonite ap-
pears as a bull’s-eye of high K-feldspar and quartz and
of low plagioclase and mafic minerals; consequently, it
represents an area of low specific gravity. The areas of
finer grained quartz monzonite-granodiorite and the
contaminated facies show much less distinction of highs
and lows.

East of the constriction formed by the two prongs
of Paiute Monument Quartz Monzonite in the Waucoba
Wash quadrangle, there appears to be a specific gravity,
mafic mineral, and plagioclase low and a quartz high;
here K-feldspar is too sporadic to contour. Data. are ex-
tremely sparse, but we cannot rule out the possibility
that the rocks to the east of the constriction are a sepa-
rate mass. Although these rocks locally have some affin-
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ities with the seriate quartz monzonite and the finer
grained quartz monzonite-granodiorite, they are domi-
nantly of the contaminated facies and are scmewhat
more variable and in general more mafic than the con-
taminated rocks along the west side of the pluton. The
variability seems to be one of degree; so, for the present
they are considered to be one large variable pluton with
three facies that indicate differential contamination.

Figure 20 shows the relation of specific gravity to the
percentage of dark minerals of the Pat Keyes pluton,
other plutons of the Inyo Mountains, and granitic rocks
of the eastern Sierra Nevada. Expectably, there is a
strong positive correlation with a high level of signifi-
cance, because the percentage of dark minerals is the
major control of specific gravity variation in these
rocks.

Figure 204 (Pat Keyes pluton) has a definite elon-
gate trend and also shows the gradational relztion be-
tween the three major facies of the pluton. Fignre 208
(Paiute Monument Quartz Monzonite), although it has
a general positive correlation trend, indicates tt's homo-
geneity of the mass by the close clustering of mcst of the
points. The percentage of dark minerals and the specific
gravity have a narrow range of variation, but the cor-
relation is nevertheless highly significant.

Figure 20C (Santa Rita Flat pluton) has mvch more
spread in dark-mineral content than its specific gravity
range indicates. The reason for this is not clear. If, how-
ever, the outlying dots are neglected, the pattern is not
far different from that of figure 20B—a fairly close
clustering, but a positive correlation trend.

When the data from the three plutons are plotted on
a single figure (fig. 20D), the positive correlation trend
of the great bulk of the data is overwhelming. Some of
the spread away from the positive correlation trend in
these figures is caused by specimens whose color index
was determined from a thin section and whose specific
gravity was determined from a hand specimen. Gener-
ally the dark minerals are evenly distributed, but in
some specimens a thin section is not an adequate sample
because of the clustering of the dark minerals.

For comparison, the relation of the percentage of
dark minerals and specific gravity for the granitic rocks
of the Bishop district and Mount Pinchot quadrangle
in the eastern Sierra Nevada are plotted in figrires 20£
and 20F. They show trends quite comparable to the
composite plot for the Inyo Mountains (fig. 20D).

WILLOW CREEK MASS
OUTCROP APPEARANCE AND MEGASCOPIC CHARACTER
Just west of the Willow Creek mine camp a small

instrusive mass, tentatively correlated with the Pat
Keyes pluton, crops out over less than half a square
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mile. These rocks are various shades of medium to dark
gray and are intruded by dikes and small masses of
light-colored Paiute Monument Quartz Monzonite. The
variability of this mass, from seriate quartz monzonite
with somewhat pinkish K-feldspar to fine-grained
dioritic rock, suggests that it is an offshoot of the Pat
Keyes pluton.

The less contaminated portions of this mass are
medium gray to medium light gray, medium grained,
and notably seriate; K-feldspar crystals are as long as
5 mm. Although the K-feldspar is locally pink, partic-
ularly in weathered exposure, it is more commonly light
gray. Plagioclase is also light to medium gray, in con-
trast to the somewhat darker interstitial quartz. The
dark minerals are sprinkled through the rock as small
shredlike crystals.

Some of the specimens resemble the seriate quartz
monzonite of the main Pat Keyes pluton, but the rela-
tion is not certain enough to warrant a positive correla-
tion. This small mass could be a separate felsic intru-
sive, or it could be part of the Pat Keyes pluton that is
different because of the small size of the mass and
variable amounts of contamination. The close proxim-
ity to the large mass of the Pat Keyes pluton, however,
does suggest a correlation.

The Willow Creek mass has the only granitic out-
crops in the area with prominent foliation shown by
drawnout mafic inclusions. Near the north end of the
mass this foliation is N. 70° E. and dips 55° N. Aline-
ment of the dark minerals emphasizes this foliation.
Recognizable xenoliths are also present in this same
area; elsewhere they are uncommon.

MICROSCOPIC DESCRIPTION

In thin section, the rocks of the Willow Creek mass
show a typical granitic (hypautomorphic) texture. The
largest grains are ragged-edged somewhat poikilitic K-
feldspars, a few as much as 10 mm long, but generally
no more than 5 mm long. A range in grain size from
these large crystals down to small interstitial stringers
gives the rock a distinctly seriate texture. The plagio-
clase is euhedral to subhedral, at least in the less contam-
inated specimens. Polysynthetic twinning and zoning
are weakly visible. Most of the plagioclase is oligo-
clase, about An,;, but some of the plagioclase has been
albitized. The quartz ranges from interstitial wormy
crystals to masses as large as the plagioclase crystals
(2-3 mm).

The only dark mineral in some specimens is biotite;
it is pleochroic from X =grayish orange to Z=light
olive to locally moderate reddish brown. In other speci-
mens both biotite and hornblende are present, but
biotite is always predominant. The hornblende is pleo-
chroic according to the formula X'=moderate greenish

yellow, Y=dusky yellow green, Z=dark yellowish
green.

Magnetite, sphene, zircon, apatite, and allanite are
also present. One specimen (236) contains tourmaline
that is pleochroic from very pale orange to dark yel-
lowish orange. This specimen is also distinguished by
many pleochroic halos and by abundant saussuritization
of the plagioclase.

Most of this mass seems to be sheared. Mush of the
quartz is mosaicked, strongly sutured, and locally
granulated. At least some of the granulated quartz
seems related to the emplacement of the body or at
least formed before complete solidificaiior of the
magma, because small granules of quartz are included
in the rims of late-growing K-feldspar crystals. Impres-
sive shear zones, however, are also present in this mass.
These are undoubtedly related to the family of north-
west-trending faults in the metamorphosed sedimentary
rocks west of the small Willow Creek mass. Thus some
of the granulation is probably cataclastic.

MODAL DATA

Modal data on this mass were obtained for only five
specimens of the least contaminated rocks (table 3).
The plot of these modal points in figure 134 shows that
they generally coincide with the field of tle seriate
quartz monzonite and thus lend support to a tentative
correlation. The plot of these points in figure 14, which
also compares modal mineral pairs, shows they are most
similar to the seriate quartz monzonite.

PAIUTE MONUMENT QUARTZ MONZONITE
NAME, DISTRIBUTION, AND CORRELATION

The Paiute Monument Quartz Monzonita is here
named for its type locality, Paiute Monument, a gran-
itic monolith 74 feet high (fig. 21) that forms a promi-
nent landmark on the crest of the Inyo Mountains 10
miles east-northeast of Independence, Inyo County.

The main mass of the Palute Monument Quartz Mon-
zonite, an irregularly shaped area of about 40 square
miles, essentially spans the Inyo Mountains near Paiute
Monument. In addition, three smaller masses aggregat-
ing about 5 square miles stick up through older granitic
rocks of the Pat Keyes pluton south of the main mass of
the Paiute Monument Quartz Monzonite (pl. 1). Thus
in total extent, about 45 square miles in the Inyo Moun-
tains are underlain by rocks of the Paiute Monument
Quartz Monzonite. In the Darwin and Panamrint Butte
quadrangles, about 6 square miles are underlain by a
leucocratic quartz monzonite (Hall and MacKevett,
1962, p. 31; Hall and Stephens, 1963, p. 17) that is
probably correlative with the Paiute Monument Quartz
Monzonite.
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TaABLE 6.—Continued

116 140 Biotite Hornblende-
adamellite t biotite
adamellite 2
Niggli numbers

t Avg of 45 biotite adamellites (quartz monzonites) from Nockolds (1954,

2 Avg of 41 hornblende-biotite adamellites (quartz monzonites) from
(1954, p. 1014).

8 Resuits are reported in
0.2, 0.15, and 0.1 ete., which represent approximate midpoints of interval data on a
geometnc scale. The assigned interval for semiquantitative results will include the
quantitative value about 30 percent of the time.

Location of specimens:
116. West boundary of Waucoba Wash quad., about 434 miles N. 80° W. of Willow

. 1014).
fockolds

reent to the nearest number in the series 1, 0.7, 0.5, 0.3,

116 (pl. 2) was collected near the contact with the Pat
Keyes pluton and Cambrian sedimentary rocks; s m-
ple 140 was collected near the center of the main msss.
The hand specimens appear similar, and the two chemi-
cal analyses further confirm the homogeneity of the
granitic mass. Although two analyses are by no means
an adequate sample of the mass, the virtually identical
oxide percentages from both the center and edge of the
mass suggest that there is no systematic zoning in the
Paiute Monument Quartz Monzonite.

A comparison of the Paiute Monument analyses with
Nockolds’ (1954, p. 1014) average for 45 biotite adame]-
lites (quartz monzonite) shows a very close correspond-
ence. Nockolds’ figure for total iron is slightly higl-er,
and the Fe,O;: FeO ratio is reversed; MgO is slightly
higher, and CaO is slightly lower; the other oxide per-
centages match Nockolds’ figures very closely. The al-
ues in Nockolds’ average of 41 hornblende-biotite adem-
ellites do not match nearly so well. His average hcrn-
blende-biotite adamellite is lower in silica and higher
in Al,O; , MgO, CaO, and total iron. Although Ncck-
olds’ table of averages does not show hornblende, his

Creek camp.
140. SO}ﬁlrfﬁtglnn part of Independence quad., about 2,000 ft NE. of the Betty | hornblende-biotite adamellite presumably contained a
Quartz
EXPLANATION
Slab mode
Average
@116 Norm
Norm of chemically
analyzed specimen
®lls
Mode of chemically
analyzed specimen
FoY
Average rocks of
Nockolds (1954, p.
1014, 1015)
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F16URE 27, Modal distribution of quartz, K-feldspar, and plagioclase in 58 specimens of the
Paiute Monument Quartz Monzonite.
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FIeUuRre 28.—Variation between pairs of modal constituents in volume percent
for 67 specimens of the Paiute Monument Quartz Monzonite (r=cor-
relation coefficient ; significance level in parentheses).
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considerable amount. The Paiute Monument Quartz
Monzonite with only about 1 percent hornblende is thus
much closer to Nockolds’ biotite adamellite.

A comparison of Nockolds’ norm of the average bio-
tite adamellite with the norms of the Paiute Monument
Quartz Monzonite shows that Nockolds’ average norm
is—somewhat surprisingly, considering the close cor-
respondence of analyses—lower in normative quartz, al-
bite, and anorthite, and higher in normative orthoclase.
More expectably, in view of the analyses, Nockolds’
norm is higher in MgSiO; and FeSiO; and lower in nor-
mative magnetite. The plot of normative quartz and
feldspar of Nockolds’ average rock in figure 27 is very
close to the plots of normative quartz and feldspar of
specimens 116 and 140.

The comparison of the modes and norms (fig. 27) of
specimens 116 and 140 shows a decrease in K-feldspar
and an increase in plagioclase in the norms relative to
the modes. Probably this is related to albite in solid solu-
tion in the K-feldspar of this body.

STRUCTURAL FEATURES

One of the most impressive characteristics of the
granitic masses described in this report is that they are
virtually structureless and almost devoid of obvious foli-
ation and lineation. No attempt was made to find subtle
preferred orientations by petrofabric measurements
with thin sections, but field criteria were applied, and
only rarely were inclusions or dark minerals well
enough alined to define a foliation.

The Pat Keyes pluton of the Hunter Mountain
Quartz Monzonite shows no noticeable foliation at most
outcrops, even though it has abundant dark minerals
and widespread inclusions, locally as many as 3-6 per
square yard. The inclusions, though generally small, are
as large as 2 feet across in some outcrops. Examination
of outcrops of the Pat Keyes pluton was hampered by
the rugged terrain, and as a result, structural features
were looked for less carefully than in the Santa Rita
Flat pluton. Nevertheless, obvious foliation was not
present in the outcrops examined.

The Santa Rita Flat pluton of the Tinemaha Grano-
diorite has a dark-mineral content that averages 15 per-
cent, although some specimens have more than 20 per-
cent. Yet even with this abundance of dark reference
planes, rarely is foliation well enough developed to meas-
ure with any degree of confidence. Dark inclusions are
widespread in the Santa Rita Flat pluton, and most
are only 1-4 inches in maximum dimension, though
locally they are as much as 10 inches. These inclusions
are generally widely scattered, and two small inclusions
in a square yard of outcrop is about the maximum con-
centration. The inclusions tend to be subspherical, even

near the east margin of the pluton where one might
expect flattening to show the sort of marginal foliation
so typical of the borders of granitic masses in the
Sierras.

The Paiute Monument Quartz Monzonite is coavse
grained, has a much lower percentage of dark minerals
than the Santa Rita Flat pluton, and contains only scat-
tered inclusions. No discernible foliation was found any-
where in this mass.

Joints were measured somewhat systematically in the
Santa Rita Flat pluton. Joints with low dips were dis-
regarded, for they are considered to be largely unlod-
ing features related to the land surface. The steeply
dipping joints, which are more abundant, have a con-
siderable range of strike and dip, but most commonly
strike N. 10°-20° E. or N. 40°-60° W.; the dominant
dip is 50°-90° W. These joints appear to be related to
the two dominant directions of faulting in this segm-nt
of the Inyo Mountains (Ross, 1965, p. 055). They are
dominantly Cenozoic features related to the uplift of
the range rather than cooling features related to the in-
trusive history of the granitic rocks. Joints were not
recorded systematically in the Pat Keyes and Paiute
Monument masses.

CHEMICAL TRENDS

The nine chemical analyses from specimens of the
granitic masses described in this paper have alresdy
been referred to briefly (tables 2,4, 6). Three additional
analyses and related data from other granitic bodies in
this region are shown on table 7. These analyses are in-
cluded in this paper to supplement the chemical data on
the three granitic masses. Two of the analyses of table 7
(W-90 and I-1063) are from the Papoose Flat pluton
(Ross, 1965, p. 042-044), and the third (W-77) is from
an unnamed felsic body just east of the Waucoba Wash
quadrangle in the Dry Mountain quadrangle. Papoose
Flat specimen W-90 is typical of the massive eastern
part of the pluton, and specimen I-1063 is a saussuri-
tized rock in which all the biotite is altered. Specimen
W-T7 is a medium-coarse-grained felsic granitic rock
characterized by pale-red-purple K-feldspar that is dis-
tinetly perthitic. This rock is included as part of the
Hunter Mountain Quartz Monzonite by B. C. Burchfiel
(written commun., 1965), and though it is unlike either
the Paiute Monument or Pat Keyes of the Inyo Moun-
tains, it may well be a felsic relative. The pale-rd-
purple feldspar suggests kinship with those masses.

The major oxides in the analyses from the Paiute
Monument Quartz Monzonite and the Pat Keyes sud
Santa Rita Flat plutons are shown on a standard silica-
variation diagram in figure 29. With increasing silica,
these rocks show a rather regular, and expected, trend
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TaBLE 7.—Chemical date of miscellaneous granitic rocks of the
Inyo Mountains

[Rapid chemical analyses by P. L. D. Elmore, I. H. Barlow, S. D. Botts, G. Chloe,
and H. Smith, Semiquantitative spectrographic analyses of s%ecimens W-90 and
W-77 by J. D. Fletcher; specimen I-1063, by H. W. Worthing. Looked for but not
found in specimens W-77 and W-90; Ag, As, Au, B, Bi, Cd, Co, Ge, Hf, Hg, In,

Li, Mo, Pd, Pt, Re, Sb, T'a, Te, Th, Ti, U, W, Zn, Pr, Nd, Sm, Eu. Preceding plus

following not found in specimen I-1063; Cs, Dy, Er, Gd, Ho, Ir, Lu, Nd, Os, Pr,

Rb, Rh, Ru, Tb, Tm]

W-90 1-1063 Ww-7
Rapid chemical analyses (weight percent)
SiOgme L 71. 8 70. 4 73.6
ALOs . 15. 4 16. 1 13.9
FeOs o ____. 1.0 .9 1.2
Total Fe as FeO_.__._ (1. 8) (1.6) (1 3)
FeO_ . . _ . 85 . 83 .17
MgO_ . .. .34 .32 .21
CaO. . 2.9 2.9 1.1
NagOe oL 3.7 4.1 4.0
90 .. 2.8 3.4 4.3
20 . 1. 14 .44 .99
TiOg e - oo 28 26 17
POs .. .17 11 04
MnO. .. .03 . 04 .05
COp e <. 05 <. 05 .13
Total . ______. 100. 41 99. 80 99. 86
Semiguantitative spectrographic analyses (weight percent 1)
Ba. . 0.1 0. 15 0. 03
Be .. . 0001 . 0003 . 0005
.03 0 .01
. 0001 . 0003 . 0001
. 005 . 0007 . 0001
. 002 . 0007 . 0015
.02 . 007 . 008
. 001 0 . 002
0 . 003 0
. 002 . 0015 . 002
0 . 00015 0
. 0005 0 0
.07 .15 . 03
. 002 . 0015 . 002
. 001 . 0007 . 003
. 0002 0 . 0005
. 03 . 015 . 015
Norms (weight percent)
Qe 33.1 27. 0 31.8
SboTIIIIIII 313 508 30
ab_ oo . . .
an___ ...l 13. S}An” 13. 7}An28 44
(<5 + DS .8 .8 .5
f8 . .3 .4 0
Mmool 1.4 1.3 .2
| B .5 .5 .3
ap_ . mmmmmemm .4 .3 .1
G e 14 .7 1.1
[ 0 0 .3
bm_ . ______._ 0 0 11
Total ..___._____ 99.0 99. 6 99. 3
Niggli numbers
si_ ... 367. 3 341. 4 423. 2
al ... 46. 4 46. 0 47. 1
fm__ . 10. 2 9.1 8.1
o o 15. 9 15. 1 6. 8
alk_____ .. 27.5 29. 8 38. 1
[0 1 2 157. 3 122. 2 170. 9
- S .33 .35 .41
Mg .25 .25 22
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TABLE 7.—Chemical data of miscellaneous granitic rocks of the
Inyo Mountains—Continued

W-90 1-1063 w77
Modes ? (volume percent)

Plagioclase___ __________ 43 28 24
K-feldspar___._________ 22 27 37
Quartz_ - _____________ 27 25 36
Alteration products,

largely epidote and

muscovite.. . _ ________ .. .________ 20 ...
Mafic minerals_ . _______ 8 .. 3

Total - ____._____ 100 100 100

1 Results are reported in percent to the nearest number in the serier 1, 0.7, 0.5, 0.3,
0.2, 0.15, 0.1, ete., which represent approximate midpoints of interva' data on a geo-
metric scale. The assigned interval for ssmiquantitative results will in~lude the quan-
titative value about 30 percent of the fime.

2 Estimate of mode of unaltered rock (specimen I-1063): plagioclase, 42; K-feldspar,
27; quartz, 25; mafic minerals, 6.

Location of sa’ imens:
W-90. Ns . Icaor.;;?ucoba Wash quad., about 3,500 ft N. 63° W. of N W cor. sec. 30,
T.118., R.37E.
1-1063. About 3,500 ft S. 43° W. of NW. cor. Independence quad.
W-77. Near west boundary of Dry Mountain quad., about 2,000 ft 5. 40° E. of NW
cor. sec. 21, T. 13 8., R.39 E.

of decreasing A,O;, total Fe, MgO CaO, increasing
KO, and relatively constant Na.O. Also shown on the
diagram is the anorthite content of the normative pla-
gioclase, which decreases with increasing silica; this
decrease is predictable from the trend of the CaO. One
analysis, for specimen 279 (a sample of the fire-grained
quartz monzonite-granodiorite facies of the I?at Keyes
pluton), seems to be markedly “out of line” in the varia-
tion diagrams. This specimen is notably high in Al,Os
and Na,O and low in total iron and CaO. As a conse-
quence, it has a more sodic normative plagio~lase than
would be expected for a rock of this silica content in the
suite. These anomalies further corroborate the field
observation that this rock may be contaminated.

To compare the rocks of the Inyo Mountains with
nearby analyzed granitic rocks of the eastern Sierra
Nevada, a composite silica-variation diagram (fig. 30)
was made. This figure incorporates, in addition to the
data from figure 29, the data from table 7, and analyses
from Bateman (1965), Moore (1963), and Rinehart
and Ross (1964). Two main points can be deduced from
this diagram: (1) The Papoose Flat specimens, I-1063
and W-90, do not seem to fall on the same trend as the
other nine analysis from the Inyo Mountains, whereas
the felsic body, W-77, does lie on a continuation of this
trend, and (2) total iron oxide, MgO, CaQ, and Na,O
trends in the Sierra Nevada are generally similar to
those from the Inyo Mountains. However, K-O is some-
what lower and Al,O; is somewhat higher in the Sierra
Nevada analyses, particularly in many of the analyses
of Moore (1963) from the Mount Pinchot quadrangle
immediately west of the area of this report. The Mount
Pinchot rocks are about 1 percent higher in 4 1,O; than
rocks of comparable SiO; in the Inyo Mountains.



CHEMICAL TRENDS

SPECIMEN NUMBER

ot [ Re] [=X(s]
S0 0 — N <t -
~ NN ON N N ——
v RN vy
17 L T |.\‘| L T T T
S 16 4
N »
< 15 At i
14
7
0o Q0 _‘
L|.|_|_5
257 -
o4l - -
o o »
Feagl |
2
3
Q2T as )
=z 1+ n _
[ ]
0
6
°[ T
4 i
% F » -
O 3} -
2~ -
1 I S SRS B I S O
60 62 64 66 68 70 72

PERCENTAGE OF SiO»

SPECIMEN NUMBER

og 0 O oW
NSO OO — I e
- NN N NN —_—
5 ll T T T IHI\L¢I¢JI T lﬂl_—
»
%4_ JA_-I—.—————'T I
z 3f - .
2
5
%4- A””/)i_kt‘;”’/“l B
X 3| -
2
45
W
O, wdor 1
[}
sy 2
& F 235 -
<9
z=9
ox ¢ 30 n
O 0 <
z
< & 25 1
20 | 1 I I L1 1 i L 1
60 62 64 66 68 70 72

PERCENTAGE OF SiO»
EXPLANATION
Data point locations
.
Paiute Monument Quartz Monzonite

»
Pat Keyes pluton
-~
Santa Rita Flat pluton

F1cURE 29.—Variation of percentage of common oxides and An content of normative plagioclase plotted against per-
centage of SiQ: for specimens from Paiute Monument Quartz Monzonite and the Pat Keyes and Santa Rita Flat

plutons,

The anomalous plot of specimens from the Papoose
Flat pluton should not be considered very significant
until more data are available, but it is interesting to note
that the Papoose Flat has a biotite age of about 80 mil-
lion years (Late Cretaceous) and that the three masses
described in this report have isotopic ages generally in
the range of Middle to Early Jurassic. This difference
suggests that the Papoose Flat is a felsic member of a
different suite and that W-77, which seems to be on the
same trend as the three large masses from the Inyo
Mountains, may be a felsic end member of the Jurassic
suite.

For a comparison with the silica-variation diagram,
the rocks from the Inyos and eastern Sierra Nevada
were plotted on the diagram of Thornton and Tuttle
(1960, p. 673). They plotted the various oxides against
a differentiation index, which is the sum of normative
quartz, orthoclase, and albite in quartz-bearing granitic
rocks. The plots of the rocks from the Inyos and eastern
Sierra Nevada (pl. 5) are remarkably linear for oxides.
They also fall along the same trend as the plots of
5,000 chemical analyses of Washington, which were con-
toured by Thornton and Tuttle (1960). The slight en-
richment in Al,0; and the deficiency in K,O of the
Mount Pinchot rocks in relation to the rocks from the
Inyos is detectable on plate 5, but is not as noticeable

as in figure 30. Also, the plots of most oxides for the
Papoose Flat pluton are much closer to the trend line
on plate 5 than they are in figure 30, the silica-varia-
tion diagram. For these rocks from the Inyos and Sier-
ra Nevada, the silica-variation diagram seems to stow
more differences between some of the rocks than does
the differentiation index.

To see the relations of selected oxides in this suite
without the somewhat overpowering influence of SiQ.,
figure 31 was constructed. It plots total iron oxide
(FeO+Fe,0;) against MgO and also total iron oxide
plus MgO against CaO. Figure 314 shows a good linsar
trend for all the rocks from the Inyos including spnci-
mens from the Papoose Flat. Figure 318 also shows a
pronounced linear trend, but with somewhat more
spread than figure 314. Specimens from the Papoose
Flat, however, do not fall on this trend ; their low tctal
iron and high CaO are apparent here as well as on the
silica-variation diagram.

Specimen 279 of fine-grained quartz monzonite-
granodiorite from the border facies of the Pat Keyes

- pluton falls close to the linear trend line in both figures

314 and B, even though it is low in both total iron oxide
and CaO when compared with SiO, (fig. 29). Its posi-
tion thus suggests that ratios among iron oxide, MgO,
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F1curRe 30.—Variation of percentage of common oxides and An content of normative plagioclase plotted against percentage
of SiO: for specimens from the eastern Sierra Nevada and Inyo Mountains.

and CaQO have not been noticeably affected by the con-
tamination of this rock.

As part of a computerized program of riorm determi-
nations, various ternary ratios of oxides and normative
minerals were calculated for the analyses from the
Inyos. Triangular diagrams made from these ratios are
shown in figure 32. The Alk-F-M triangle is partic-
ularly distinctive. It shows virtually a linear trend
along which the different plutons are separated much
more clearly than they are on the silica-variation dia-
grams. This separation suggests that the ratio of total
alkalis to iron oxide and magnesia in the rocks from the
Inyos is more definitive than the ratio of oxides to silica,
or the silica content alone, in illustrating chemical

trends and possibly in distinguishing graniti~ suites of
different histories or ages. The plot of these rocks on the
A-C-F triangle shows a clustering along the F-An tie
line, which is to be expected for unaltered granitic
rocks. The three rocks (I-1063, W-90, and W-77) that
fall considerably away from the cluster further indicate
the differences of these rocks from the other granitic
rocks of the Inyo Mountains.

Both the lower triangles of figure 32 shov’ the rela-
tions of normative quartz and feldspar. These plots tend
to cluster the rocks from the Inyos and do not produce
a marked trend. When silica is brought into the ratios,
as in Q-Or-Ab+ An, specimen 279 plots away from the
specimens of the Pat Keyes pluton, whereas, vhen silica
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F1eure 31—Selected oxide percentages of granitic rock specimens from the Inyo Mountains.

is not considered, as in the upper two triangles of figure
32, specimen 279 plots with the others from the Pat
Keyes pluton. In other words, the ratio of some of the
oxides (chiefly high Na.O and low CaO) to silica is
what makes specimen 279 anomalous in this suite.

For comparative purposes, the fields of some of Nock-
olds’ average rocks and analyzed granitic rocks of the
eastern Sierra Nevada region are superimposed on the
triangles of figure 32. The almost perfect match between
the rocks from the Sierra Nevada and the Inyos is no
surprise and is further evidence that they are part of
the same composite batholith,

The much maligned silica-variation diagram still is
of service in the Inyo Mountains region to someone who
is deciding whether particular rocks belong to the same
or different suites, and it also helps to identify anom-
alous rocks in a suite. The specimens from Papoose Flat
and specimen 279 exemplify these points very well.
Also, the triangular plot of Alk—F-M in this suite seems

to be the best of the standard plots for graphically pve-
senting the oxide data without showing the influence of
silica. A dozen analyses in granitic masses that crop out
over hundreds of square miles certainly do not permit
firm conclusions about chemical trends and relations,
but even this small number points out a regularity that
agrees with the field-mapping data and corroboretes
anomalies that were anticipated during the mapping.
The relations of the modal quartz and feldspar to
the virtually comparable normative constituents has
already been discussed briefly in the section on “Chemi-
cal data” for each of the three granitic masses. In
summary, all 12 analyses of granitic rocks from the
Inyo Mountains show less normative orthoclase tl'an
modal K-feldspar. It appears that the amount of the
Ab molecule in the K-feldspar more than counterscts
the effects of the K,O in biotite, even in rocks that have
significant amounts of biotite. The relation of norma-
tive orthoclase to modal K-feldspar from 23 samrples
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from the eastern Sierra Nevada does not show this con-
sistency. Thirteen samples show less normative ortho-
clase than modal K-feldspar, but 10 show just the oppo-
site. This variation suggests tentatively that there may
be some difference in the K-feldspar of the Sierra
Nevada batholith toward its east margin.

PETROGENESIS

Much evidence has been published to attempt to prove
that most of the granitic rocks of the Sierra Nevada
crystallized from a granitic melt and are not products
of some sort of granitization process (Bateman, 1965,
p- 115; Moore, 1963, p. 112-114). Certainly nothing
in the field relations or the modal and chemical charac-
ter of the Santa Rita Flat and Paiute Monument
masses refutes this concept. Both of these plutons have
sharp, clean contacts with their wallrocks and have
sent dikes out into the walls. The zoning away from
the wallrock contact of the Santa Rita Flat pluton
is the kind of mineralogical and chemical zoning one
would postulate for an intruded magma cooling pro-
gressively from walls to center. The Paiute Monument
Quartz Monzonite is markedly homogeneous, lacks signs
of marginal assimilation, and was obviously intruded
into the wallrock. One segment along this contact, how-
ever, i1s an exception to this sharp, clean relation (pl.
2). From the area near which specimen 138 was col-
lected, north to the area near which specimen 112 was
collected, there is some mixing of granitic and metamor-
phic material. Even here, however, most of the con-
tacts examined are sharp, and the general appearance
is one of complex diking rather than chemical reaction.

In contrast to the relatively homogenous Santa Rita
Flat and Paiute Monument masses, the Pat Keyes plu-
ton is markedly heterogeneous. What seemed to be a
hodgepodge of variation during early fieldwork sub-
sequently became a rather systematic pattern (fig. 10).
The medium-grained seriate quartz monzonite, typi-
fied by specimen 270, is believed to be the crystallized
product of the parent melt of the Pat Keyes pluton.
The seriate rock is the central core of the pluton. The
other two rock types, a relatively homogeneous fine-
grained quartz monzonite-granodiorite and a widely
variant dark-colored facies, are believed to be portions
of the parent melt that were contaminated with wall-
rock material. Because the two contaminated facies are
generally in sharp contact with the metamorphosed
sedimentary wallrocks on the west side of the pluton,
the assimilation of the material that contaminated it
occurred at some greater depth. Furthermore, the ex-
posed contact does not suggest large-scale assimilation.
Seemingly the great bulk of contaminated material
should grade through a diffuse, somewhat migmatitic

zone to recognizable wallrock, if the bulk of the contsm-
ination occurred in place or nearly so. The large inclu-
sions of dominantly carbonate rock in the eastern part
of the mass may well be undigested wall remnants,
but it is difficult to say whether they are nearly in place,
have been carried along with the rising magma, or were
frozen here when sinking from the roof.

A heterogeneous mass such as the Pat Keyes might
be interpreted by some as a product of granitization.
The relatively homogeneous core could have been re-
constituted from walrock material to granitic material,
and the marginal facies could be a preserved, partislly
granitized rim between undigested wallrock and com-
pletely digested granitized core rock. Certainly one of
the problems here is how one can recognize the dif*>r-
ence between a marginal zone of a magma contami-
nated by assimilated wallrock and a partially granitized
mass. Very probably, because of the physical problem
of access, this is not a pluton that will provide many
answers.

The Pat Keyes pluton has relatively sharp walls and
sends out apophyses into its walls. It is in a regior of
unquestioned magmatic rocks. Its central core is physi-
cally and chemically closely related to the magmatic
Paiute Monument Quartz Monzonite. The pluton might
have become mobilized from wallrock material at some
depth, but the possibility that what is visible at the
level of present-day exposures is an in situ replacement
of granitic rock can be ruled out.

The Hunter Mountain Quartz Monzonite, of wlkich
the Pat Keyes pluton is one component part, is noteble
for heterogeneity in other outcrops also. In the Ubehebe
Peak quadrangle, a calcic facies ranges in composition
from olivine gabbro to monzonite (McAllister, 1974).
In the Darwin quadrangle, a somewhat coarser, darker
colored border facies is poor in quartz and probably is
the result of assimilation of calcareous country rock by
rocks of the Hunter Mountain type (Hall and Mac-
Kevett, 1962, p. 29). A rather coarse-grained, quartz-
poor patch of monzonitic rock surrounds one of the
large carbonate inclusions in the eastern part of the Pat
Keyes pluton in what appears to be a similar relation.
Also, the presence of orthopyroxene in the contami-
nated rocks of the Pat Keyes pluton suggests that it is
approaching the bizarre varieties described in the
Ubehebe Peak quadrangle. Clearly, the Hunter Moun-
tain Quartz Monzonite has had a complex history, but
basically it appears to have formed from a magma with
a more than average capacity to digest wallrock. As the
oldest recognized large intrusive mass in this region, it
may be somewhat different from the later intrusives in
the Sierra Nevada. For one thing, being early in the
intrusive sequence and on the east margin of the Sierra
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Nevada batholith, it had access to more nonbatholithic
wallrock and may be more contaminated for this reason.

Another distinguishing characteristic of the Hunter
Mountain Quartz Monzonite is the local presence of
olivine and orthopyroxene in contaminated parts of the
body. These high-grade igneous minerals are rare in the
granitic suite in the eastern part of the Sierra Nevada.
In fact, the only previously mentioned occurrence of
them was in the Casa Diablo quadrangle, where small
bodies of olivine-hypersthene gabbro remain as resid-
uals from the reaction of quartz monzonite magma on
gabbro inclusions (Rinehart and Ross, 1957). This reac-
tion also resulted in hornblende gabbro and diorite of
widely variant grain size and composition. These rocks
form a zone between the olivine-hypersthene gabbro
remnants and the uncontaminated quartz monzonite.
Possibly, the olivine and orthopyroxene of the Hunter
Mountain Quartz Monzonite are the result of some
contamination from earlier gabbroic masses at depth.

The Paiute Monument Quartz Monzonite, although it
is a separate and distinct intrusive mass, may well be
genetically related to, and part of, the Hunter Moun-
tain Quartz Monzonite. The general physical resem-
blance of the seriate quartz monzonite of the Pat Keyes
pluton and the Paiute Monument Quartz Monzonite, as
already noted, is striking and is accented by the pale-
red-purple K-feldspar of both masses. The difference
between them is largely one of grain size. Also, the
spatial relationship, both in the Inyo Mountains and in
the Argus-Coso Ranges (pl. 1), suggests that the Paiute
Monument and related types may be felsic members of
the Hunter Mountain suite; that is they are later pulses
from the same magma. Also, on the basis of mineral age
determinations both the Hunter Mountain and the
Paiute Monument masses seem to belong to the same
Jurassic intrusive suite.

CONTACT METAMORPHISM

The processes of contact or, more correctly, thermal
metamorphism, have transformed the Paleozoic sedi-
mentary wallrocks and developed metamorphic miner-
als for distances as much as 2 miles from the granitic
contacts. The enormous quantity of heat necessary to
accomplish this metamorphism apparently came from
the magma that has frozen into the plutons exposed
today. The wide zone of contact metamorphism is
another line of evidence that indicates a predominantly
magmatic origin for the granitic rocks of this region.
The metamorphism produced by these large plutons
was largely thermal; directed stresses to produce schist-
ose and gneissic structures are notably lacking, and
hornfels is the typical metamorphic rock. Locally
banded and crudely schistose metamorphic rocks can be

accounted for by recrystallization in a thermal environ-
ment. Directed stresses may well have been a factor in
causing the metamorphic aureole around the Papoose
Flat pluton along the north boundary of the map area
(pl. 1), but this body, being studied in detail by C. A.
Nelson and his colleagues, is not discussed in this report.

Figure 33 illustrates the general distributicn of meta-
morphic minerals in the contact aureole of the three plu-
tons. The letters on the map show the location of meta-
morphic minerals, identified largely from thin sections;
metamorphic feldspar has not been included. It should
be remembered that this illustration is not based on a
systematic collection of the contact metamor»hic rocks,
but is a byproduct of the study of specimens selected for
a number of purposes. Hence, areas without letters indi-
cate either inadequate data or lack of metamorphism.
The blank area enclosed by the dashed line, however,
probably reflects an area where metamorphic minerals
are virtually absent. Also, the V-shaped area cf wallrock
directly east of the area enclosed by the dashed line is
virtually unmetamorphosed.

Some generalizations can be made from figure 33.
Around the south rim of the area having no metamor-
phic minerals, tremolite, tale, and phlogopite are pres-
ent in the carbonate rocks, which are dominantly dolo-
mite. These assemblages are characteristic of the albite-
epidote hornfels facies, which is typical of the outer
margins of contact aureoles (Fyfe and others, 1958,
p.- 204). These assemblages are also described in the
outermost contact metamorphic zones in en area in
Arizona where a detailed study of carbonate rocks was
made by Cooper (1957, p. 581).

Nearer the granitic contacts a varied suite of cale-sili-
cate minerals has been developed from the carbonate
rocks. The minerals include diopsite, forsterite, epidote,
scapolite, idocrase, grossularitic garnet, and wollasto-
nite. They occur in a variety of assemblages, some of
which follow:

Representative calc-silicate assemblages from Faleozoic
wallrocks

Diopside-wollastonite-K-feldspar-quartz-calcite
Diopside-wollastonite-idocrase-calcite
Tremolite-diopside-scapolite-quartz-calcite
Diopside-scapolite-oligoclase-calcite
Forsterite-calcite
Tremolite-scapolite-K-feldspar-quartz-calcite
Wollastonite-scapolite-diopside-grossularite
Diopside-tremolite-epidote-K-feldspar-plagioclase-muscovite
Diopside-wollastonite-calcite
‘Wollastonite-diopside-grossularite-calcite
‘Wollastonite-tremolite-diopside-calcite-quartz

The assemblages characterize the hornblenc'e hornfels
facies, which persists up to the contact with many gra-
nitic rocks (Fyfe and others, 1958, p. 205-202). Cooper
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FicURE 33.—General distribution of contact-metamorphic minerals in the northern Inyo Mountains.

(1957, p. 581) also reported these minerals from the
inner zones of his contact aureole in Arizona. The car-
bonate assemblages in the Inyo Mountains seem to be
about like those found around similar granitic rocks
elsewhere and are also compatible with the upper
metamorphic grade described from the Sierra Nevada
(Bateman, 1965, p. 31-33). Most of the pendants
in the Sierra Nevada do not seem to show the lower
albite-epidote hornfels facies, but Rinehart and Ross
(1964, p. 9) suggested that there is a possible transi-
tion to this facies in the large Mount Morrison roof
pendant. Their suggestion is based on the abundance
of epidote and tremolitic amphibole rather than horn-
blende in the metamorphosed carbonate rocks.

Wollastonite is the highest metamorphic grade in-i-
cator in the cale-silicate suite, which may indicate a
transition to the pyroxene hornfels facies, according to
Bateman (1965, p. 31). All the wollastonite occurrences
shown in figure 33, except one, are close to a granitic con-
tact or are in the narrow neck of metamorphosed rock
between two large plutons where granitic rock is prob-
ably at a shallow depth. The one exception is a wol-
lastonite-diopside-tremolite assemblage, nearly a mile
from a granitic contact. Here again granitic rock could
underlie the metamorphic rocks at shallow depth. About
all that can be said at present is that at least locally, near
granitic contacts, the upper limit of the hornblerde

hornfels facies was approached and possibly passed.
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Brucite was found in only one speciien, in abundant
fresh-looking flakes that appear to be primary, not
pseudomorphous after periclase. Turner (1965, p. 393),
in commenting on the genesis of brucite, noted that:
“Consideration of available thermodynamic data and
the published results of direct experiments * * * per-
mit the following conclusions to be drawn: (1) at very
low partial pressures of CO, (perhaps of the order of
1 bar) and relatively high partial pressures of water
(up to 2,000 bars), dolomite can break down directly
to brucite and calcite at temperatures above about 400°C
* % * ” The presence of brucite thus indicates tem-
peratures which are also associated with the upper part
of the hornblende hornfels facies; however, brucite
was the only metamorphic mineral in a silty calcarenite
almost a mile from the nearest surface exposure of
granitic rock, a small aplite-alaskite body. Bowen (1940,
p. 248) noted that brucite is commonly found in con-
tact aureoles formed at shallow depth and is associated
with quartz- or chert-bearing marble that does not con-
tain wollastonite. The rarity of brucite in the Inyo-
eastern Sierra region (Bateman, 1965, p. 82, also
reported only one occurrence in the Bishop district)
seems somewhat enigmatic. Suitable temperatures and
the proper chemical constituents for its formation seem
to have been common near granitic contacts in the Inyo
Mountains, yet brucite is extremely rare. Perhaps the
rarity of suitable pressure conditions limits the occur-
rence of brucite in this region.

Metamorphic minerals have formed in the marly and
silty clastic rocks of the Paleozoic section as well as in
the carbonate rocks. Phlogopite, already mentioned,
as well as chlorite, muscovite, and biotite are present
in varied amounts in the recrystallized clastic rocks.
Andalusite, generally of the chiastolite variety, is par-
ticularly abundant in the metamorphosed Mississippian
shales near the Santa Rita Flat pluton.

Tourmaline in the meatamorphosed wallrocks is
worthy of note, even though it is not a contact meta-
morphic mineral in the strictest sense. Its formation,
whether from the reconstitution of boron in the clastic
sedimentary rocks or from boron introduced from the
granitic rock, is another indication of a thermal en-
vironment compatible with a magmatic origin for the
granitic rocks. Six occurrences of tourmaline that is not
detrital were also noted; most are associated with
metamorphic mica in what were formerly fine-grained
clastic rocks. The tourmaline could have originated in
either of the ways mentioned previously. One occur-
rence, as coarse-bladed crystals in a quartzite near a
granitic contact, probably represents the introduction
of material from the granitic melt, but it could also
be the result of remobilization of boron from nearby
sedimentary rocks.

Along the east margin of the area of the figure 33,
in roof pendants of Paleozoic rocks, sillimanite has
been identified in three localities. At each lceality it is
near rocks that have reached a high enough grade of
metamorphism to form wollastonite. These are inter-
esting occurrences, for unlike many in this rezion where
suspected sillimanite is in small needles whose optic
properties are difficult or impossible to determine, these
sillimanite crystals are large enough to be re~dily iden-
tified. Associated with the sillimanite in one specimen
is cordierite, the only known occurrence in the area of
figure 33.

In summary, the exposed wallrocks in thir area have
at least at crude zonation from virtually unmetamor-
phosed rocks through the albite-epidote hornfels facies
into the hornblende hornfels facies near the granitic
contacts. The presence of wollastonite indicates that the
upper limit of the hornblende hornfels facies has been
approached and may have been locally exceeded. Also,
that wollastonite is some distance from present granitic
contacts suggests the possibility that granitic rocks
exist at a shallow depth under parts of the Paleozoic
terrain. No demonstrable difference in grade or type
of metamorphism has been noted from the various plu-
tons. For example, wollastonite occurs at the contact
of all the plutons, but because general petrography and
chemistry of these plutons is similar, a parallel thermal
history would also be expected.

METHODS OF EMPLACEMENT

The plutons described in this report were intruded
to their present position as magmatic melts of domin-
antly fluid material. This concept is based on regional
considerations and on local evidence. The mechanism
by which they were emplaced is, however, in question.
It is commonly believed that a melt can advance upward
passively or forcibly. Passive emplacement consists
dominantly of replacing the wallrock material with
granitic melt material by assimilation and digestion
of the bounding-wall material. It may also involve the
engul fing of wallrock blocks by stoping, a process which
commonly works with assimilation. Forcible emplace-
ment consists of pushing upward and outw~rd on the
walls and roof in order to deform them sufficiently to
make room for the granitic melt. In the plutons under
discussion in this paper, both passive and for-ible meth-
ods have been used, but their relative importance is
somewhat difficult to determine.

Wallrock of the Santa Rita Flat pluton is exposed
only on the east side. Here the contact i generally
sharp, and there is little evidence of assimilation.
Though there are numerous relatively minor irregular-
ities, the contact does not have the block embayed
look that might indicate block stoping. On the other
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hand, some of the folds in the upper Paleozoic rocks
parallel to the east wall may have resulted from the
pushing of the granitic melt against the walls. Although
the total area of the body is only speculative, since the
west wall is buried beneath the Cenozoic deposits of
Owens Valley, mineral and specific gravity zoning sug-
gests a body of about the shape that is presently exposed
The west wall may be fairly close to the west limit of
outcrop in Owens Valley. Speculation can also be made
that the west contact may be straight and relatively
steep and that the Santa Rita Flat pluton is virually a
large blunt-end dikelike body. Most of the presently
exposed wall contact is with Rest Spring Shale (now
metamorphosed largely to andalusite hornfels) and
thinly bedded carbonates of the Keeler Canyon Forma-
tion. Both of these formations strike generally parallel
with the contact and may have presented a weak access
zone for the magma. There is some evidence that the
beds were crumpled by the intruding magma ; however,
the general strike of the Paleozoic rocks immediately
east of the pluton does not seem to fit the several miles
of compression needed to accommodate the Santa Rita
Flat pluton.

The Paiute Monument Quartz Monzonite has remark-
ably sharp contacts and is of such a homogeneous com-
position that it is inconceivable that assimilation and
wallrock digestion were large factors in its emplace-
ment. Yet the north wall of this mass is probably the
best potential place for stoping and passive encroach-
ment in the region. A belt of overturned Lower Cam-
brian rocks that strikes along the north wall is
interrupted by a giant “bite” of quartz monzonite, but
the strike is unaffected. Two, now-isolated, small roof
pendants maintain this same strike and thus leave little
doubt that along this wall, at least, the later phases of
intrusion were passive. Stoping, with the remarkable
disappearance of all the stoped blocks, seems the most
probable answer for this wall. By contrast, only a short
distance southwest, forcible emplacement is indicated
by the tightly squeezed nose of a large overturned fold
(Ross, 1965, pl. 1). The fold probably predates the in-
trusion, but the attenuation of the nose of the fold may
well be related to the intrusion. There is some question
as to whether the Santa Rita Flat or the Paiute Monu-
ment intrusion is responsible for the tightening of the
fold. Each could have been partly responsible, particu-
larly if the two intrusions are about the same age, as
now seems likely.

Steep contacts characterize most of the boundaries of
the Paiute Monument mass, but along the south side,
and particularly in the irregular lobe that protrudes
into the Pat Keyes pluton, gentle dips are common. The
gentle dips of this lobe suggest that a somewhat flat-
lying, sheetlike mass extends out from the main mass of

43

EMPLACEMENT

the Paiute Monument mass. Again, the contact is shorp
and thus indicates almost no reaction with the wallrock
of the Pat Keyes pluton. The protrusion, the dikelike
mass farther south, and the small stock of Painte Mcmu-
ment Quartz Monzonite to the west are probably fore-
ible intrusions. Unfortunately, the wallrock consists
generally of massive granitic rocks, which have no good
reference planes to show deformation.

The Paiute Monument Quartz Monzonite is a para-
dox as far as emplacement is concerned. Its map pattern
suggests some large-scale stoping, but I cannot con-
ceive of stoping without accompanying assimilation;
yet the mass shows no boundary assimilation effects.
Apparently this felsic pluton was inert as far as reaction
with its walls was concerned; the intrusion must have
been almost entirely a mechanical invasion wherein
chemical action was nil.

Much of the original northward extension of the Pat
Keyes pluton has been engulfed by the younger Paiute
Monument mass. Only along the west side of the mass
are older wallrocks exposed. Here the contacts are gen-
erally sharp and steep. One plunging syncline cculd
have been doubled up by the invading magma, but the
fold could as well predate the intrusion. As previously
stated (p. 39), the Pat Keyes pluton with its hetero-
geneous composition seems to have been chemically ac-
tive, but the present level of exposure is some distsnce
above that at which most assimilation took place. Else-
where the Hunter Mountain Quartz Monzonite shows
evidence of forcible intrusion. In the Ubehebe Feak
quadrangle, for example, the portion of the mass making
up Ubehebe Peak has punched its way in, almost pis-
tonlike, and crumpled the Paleozoic walls (McAllister,
1956).

AGE

The youngest rocks that are intruded by granitic rocks
of the Inyo Mountains suite are fossiliferous Middle
Triassic sedimentary rocks in the New York Butte quad-
rangle (W. C. Smith, oral commun., 1962) ; they are
cut by a granitic rock that is correlative with the Hunter
Mountain Quartz Monzonite. The Santa Rita Flat plu-
ton of the Tinemaha Granodiorite intrudes rocks as
young as the Keeler Canyon Formation of Penn-yl-
vanian and Early Permian age. The Paiute Monument
Quartz Monzonite is in intrusive contact with the qes-
tionable Rest Spring Shale of Mississippian age, but
nothing younger. All these granitic rocks are partly
capped by remnants of late Cenozoic volcanic flows and
ash falls.

Field relations, such as intrusive contacts and outcrop
patterns, indicate that the Paiute Monument Quartz
Monzonite is younger than the Hunter Mountain
Quartz Monzonite, as represented by the Pat Keyes
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pluton. The Tinemaha Granodiorite, as represented by
the Santa Rita Flat pluton, is not in contact with other
granitic rocks, and, therefore, its relative age cannot be
determined from field relations.

Radiometric mineral ages have been determined for
15 mineral separates of biotite, hornblende, and zircon
from nine different samples of granitic rock from the
Inyo Mountains region (pl. 1). The results of these
determinations are summarized in figure 34. New data
on four hornblendes and one biotite are shown on table
8. Figure 39 suggests that most of the granitic rocks of
the Inyo Mountains range in age from Early to Middle
Jurassic, on the basis of mineral ages and the currently
accepted systematic boundaries of 135 and 180 m.y.
(million years) for the Jurassic. The notable exception
is the quartz monzonite of Papoose Flat: the biotite
from this rock give a Late Cretaceous age.

The Pat Keyes pluton of the Hunter Mountain
Quartz Monzonite was provisionally considered Trias-
sic or Jurassic in age by Ross (1965, p. O48). It has had
two hornblende age determinations: the one for speci-
men 270 (163 =5 m.y.) is about the same as that from
the Paiute Monument Quartz Monzonite, but the other
for specimen 279 gives the oldest hornblende age (178
*5 m.y.) in the Inyo Mountains. The zircon from speci-
men 270 is also the oldest in the Inyo Mountains (210
+20 m.y.). Several other age determinations made from
other parts of the Hunter Mountain Quartz Monzonite
tend to support an older age for the Pat Keyes pluton.
Two biotite samples from presumably correlative rocks
in the Argus Range give ages of about 180 m.y. (Hall
and MacKevett, 1962, p. 31). In addition, a zircon from
the Ubehebe Peak quadrangle gives an age of 190 m.y.
(W. E. Hall, written commun., 1961), and zircons from
the same Argus Range locations as the biotite samples
give ages of 180 and 210 m.y. (Hall and MacKevett,
1962, p. 31). All three zircon ages have a possible ana-
lytical error of =20 m.y. Biotite from a presumed felsic
differentiate of the Hunter Mountain Quartz Monzonite
(W-T7) gives a Middle Jurassic age (156 =4 m.y.), and
a biotite sample from the Burgess Mine area in the New
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York Butte quadrangle (R. W. Kistler, oral commun.,
1966) gives a latest Jurassic age (134 m.y.); both of
these biotites may have lost argon by reheating. Most of
these data suggest an Early Jurassic age for the Hunter
Mountain Quartz Monzonite.

Sample 29 from the Santa Rita Flat pluton of the
Tinemaha Granodiorite has virtually concordant horn-
blende and zircon ages and a discordant (considerably
younger) biotite age. This same relation holds true in
correlative masses in the Sierra Nevada where biotite
ages of 79-131 m.y. have been obtained frorm samples
whose hornblende ages range from 150 to 183 m.y.
(Kistler and others, 1965, p. 157). The discordance may,
at least in part, be due to the argon loss from biotite as
a result of the reheating of the Tinemaha by later Cre-
taceous intrusives in the Sierra Nevada. The Santa Rita
Flat pluton may have been similarly afected by
younger intrusives, because it is near the Cretaceous
quartz monzonite of Papoose Flat. The range in horn-
blende ages may reflect a similar but less pronounced
differential heating effect; in other words, the horn-
blende may more closely approximate an intrusive age.
From the data at hand, the Tinemaha Granodiorite,
which includes the Santa Rita Flat pluton and which
was assigned a Jurassic or Cretaceous age by Ross
(1965, p. O48, pl. 1), is now considered to be Early
Jurassic.

From the Paiute Monument Quartz Monzonite there
is a concordant age for hornblende (163+5 m.y.) and
biotite (157 m.y.) from specimen 140, and a comparable
biotite age (156 m.y.) for specimen 116. T-e Paiute
Monument appears to have been less affected by later
intrusives than the Santa Rita Flat pluton, and it is
somewhat farther away from present exposur-s of Cre-
taceous intrusive rocks. The zircon age for spe-imen 140
(170 +20 m.y.) compares with the biotite cnd horn-
blende ages, but the zircon age from specimen. 116 (190
+20 m.y.) is somewhat greater, although still within
the same general age range if the analytical error is
considered. Taking into account all the mineral ages

TaBLE 8.—Mineral ages of some granitic rocks of the Inyo Mountains

[Decay constants: A8=4.72X10-10 year-1, Ae=0.548X10~10 year -1. Isotogic abundance: 1.22X10- gm K4/gm K. Potassium analyses, by Lois Schlocker; age determinations

for samples 29, 140, 270, and 279, by

. W. Kistler; age determination for sample W-77, by E. H. McKee]

Granitic body Sample Mineral K (weight  Ar# (moles per Radiogenic Age (m. y.)
percent) gm X 10-11) argon (percent)
Sa(ril:ca ‘tRita Flat pluton of Tinemaha Grano- 29 Hornblende__.______ 0. 599 17. 26 85 1565
iorite.

Paiute Monument Quartz Monzonite_..______ 140 Hornblende________._ . 569 17. 28 82 163+5

P&lt\;I Keyes.i}j)luton of Hunter Mountain Quartz 270 Hornblende.._______ 1. 05 31. 73 84 16345
onzonite.

Pat Keyes pluton of Hunter Mountain Quartz 279 Hornblende.___._._. . 487 16. 11 79 178 +5
Monzonite.

Unnamed.. . oo W-77 Biotite_ . ____.______ 6. 740 194, 97 90. 06 15644
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from the Paiute Monument Quartz Monzonite, a Middle
Jurassic age is suggested from the present data.

In summary, it is believed that both the Hunter
Mountain Quartz Monzonite and the Tinemaha Grano-
diorite are about the same age. Their minimum age is
most likely Early Jurassic. The younger Paiute Monu-
ment Quartz Monzonite probably has a minimum age of
Middle Jurassic.

DISTRIBUTION OF MINOR ELEMENTS

Semiquantitative spectrographic analyses were run
on the minor elements in the 12 samples that were chem-
ically analyzed. These data are recorded on tables 2, 4,
6, and 7. For most of the elements, concentrations were
in about the same range as those reported by Bateman
(1965, p. 63) for minor elements in the granitic rocks of
the Bishop district in the Sierra Nevada to the north-
west. Some slight variations were noted, however. The
Santa Rita Flat pluton appears to be somewhat higher
in copper and nickel and lower in niobium than the
rocks from the Sierra Nevada. It is noteworthy that
copper staining is abundant in and near the Santa Rita
Flat pluton (Ross, 1965, p. 060), although commer-
cial production has been minor. The Pat Keyes pluton
has a higher content of nickel than the rocks of the
Sierra Nevada ; this difference is understandable because
nickel is a minor element with affinities for the dark
minerals, which are found in abundance in the Pat
Keyes pluton.

A general comparison was also made of the minor ele-
ments in the granitic rocks of the Inyo Mountains with
the averages for granitic rocks compiled by Vinogradov
(1956) and published in chart form by Green (1959,
table 2). In relation to this average, all the granitic
masses described in this report are higher in nickel and
strontium. The Santa Rita Flat pluton is higher in cop-
per and barium and lower in niobium; the Pat Keyes
pluton is higher in barium; the Paiute Monument
Quartz Monzonite 1s lower in copper and lanthanum.
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